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Abstract 
 
Normal ageing is associated with decline in visual, cognitive, and physical functioning, with 
concurrent increases in the incidence of chronic medical conditions, including cognitive 
disorders. Determining when age-related changes have adversely affected a person’s ability 
to drive safely is a complex task, particularly when cognitive disorders such as mild cognitive 
impairment and dementia are present.  
The aim of this research was to assess the utility of a number of off-road measures in 
predicting Pass and Fail outcomes for older drivers on a blinded on-road driving assessment 
with a driving specialist occupational therapist and a driving instructor, which is considered 
the ‘gold standard’ measure of driving ability. The off-road measures included standardized 
cognitive tests, computerized sensory-motor & cognitive tests, medical conditions, and 
personality measures.  The research project comprised three studies. 
In Study 1 (Healthy Older Drivers study), 60 drivers with no diagnosed cognitive disorder 
(‘cognitively-unimpaired’), aged 70-84 years (mean age 76.7, 50% male), completed 
standard cognitive tests, computerized sensory-motor and cognitive tests (SMCTests™), and 
measures of personality. Results were used to form classification models for on-road 
assessment Pass and Fail outcome. Sixteen participants failed the on-road assessment. A 
backwards stepwise binary logistic regression model selected a measure of executive 
function and a computerized measure of visuomotor planning and coordination as the best 
predictors. Following leave-one-out cross-validation, this model was estimated to correctly 
predict 60% of an independent group of cognitively-unimpaired older drivers into on-road 
Pass and Fail groups. 
In Study 2 (Healthy Driver Follow-up study), 56 participants from the Healthy Older Drivers 
study were followed for 24 months using annual telephone interviews to assess driving 
behaviour, driving attitudes, medical conditions, and the occurrence of crashes and receipt of 
traffic offences. Official data regarding crashes and traffic offences were also obtained. The 
aim was to determine whether either the on-road Pass/Fail classification or the off-road 
measures could predict subsequent crashes and offences. Failing the on-road assessment was 
not associated with higher crash or offence rates and there were only two baseline measures 
that predicted crashes or offences (i.e., distance driven at baseline testing and, paradoxically, 
a lower error score on a measure of visuomotor planning and coordination). However, drivers 
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who reported more distress associated with their medical condition(s) were more likely to 
have had a crash or offence at 24 months. The outcomes of the Healthy Older Drivers and 
Healthy Driver Follow-up studies suggest that there is little value in off-road or on-road 
assessment of cognitively-unimpaired older drivers due to the weak relationship with future 
negative driving outcomes. However, distress associated with medical conditions may be a 
useful measure. 
Study 3 (Dementia and Driving study) recruited a sample of 60 driving assessment centre 
referrals with mild cognitive impairment or Alzheimer’s dementia. These participants, aged 
58-92 years (mean age 77.9, 60% male), performed a computerized battery of sensory-motor 
and cognitive tests and a formal blinded on-road driving assessment. A backwards stepwise 
binary logistic regression model selected measures of reaction time and movement speed of 
the upper limbs, visuomotor planning and coordination, and sustained attention. Following 
leave-one-out cross-validation, this model was estimated to correctly predict 68% of an 
independent group of drivers with mild cognitive impairment and Alzheimer’s dementia into 
on-road Pass and Fail groups. A subsample of 32 participants completed additional standard 
cognitive tests and provided information on medical conditions. A binary logistic regression 
model in this subsample was formed which selected measures of verbal fluency, the presence 
of heart disease, and a comprehensive cognitive screen. Following leave-one-out cross-
validation, this model would be expected to correctly classify 75% of an independent group 
of drivers with mild cognitive impairment and Alzheimer’s dementia into on-road Pass and 
Fail groups. The three measures in this model could be performed in around 35-50 min in a 
primary health setting. 
It is concluded that off-road and on-road assessment of older drivers with no diagnosis of 
cognitive or neurological disorder is an inaccurate and inefficient use of driving assessment 
resources, both for the prediction of on-road driving performance and for predicting future 
crashes and traffic offences. The Dementia and Driving study found a model comprising 
three measures that could be performed in a primary health setting with reasonable accuracy 
for correctly classifying people with mild cognitive impairment and Alzheimer’s dementia 
who go on to Pass and Fail an on-road driving assessment. 
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At 12:51pm on Tuesday the 22nd of February, while I was in the in the final stages of 
preparing this thesis, the city of Christchurch and town of Lyttelton were struck by a 
devastating earthquake. While myself and my colleagues escaped from the Van der Veer 
Institute building unharmed, scores of people in the central city were killed and many more 
seriously injured. Large parts of our beautiful historic central city and Lyttelton have been 
destroyed. 
This thesis is dedicated to the people of Christchurch and Lyttelton. We are resilient, our city 
will be rebuilt, and we will endure. 
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CHAPTER 1 - Introduction and Statement of the Problem 
 1 
CHAPTER 1 - 
Introduction and Statement of the Problem 
1.1 Driving and Older Adults 
Driving is important to maintain access to one’s environment and resources such as 
supermarkets, shopping malls, banking, and health care. Driving also facilitates social 
interactions including family and social events. The value of driving does not diminish as we 
age. In fact, as physical limitations increase, it may become more important. Factors 
associated with an increased rate of driving cessation within an older adult population include 
older age (as people age they become more likely to cease driving) (Ragland et al., 2005; 
Ackerman et al., 2008; Edwards, Bart et al., 2009), poorer physical health (Ragland et al., 
2005; Sims et al., 2007), poorer cognitive health (Ackerman et al., 2008; Mezuk & Rebok, 
2008; Edwards, Bart et al., 2009), lower levels of education (Ragland et al., 2005; Mezuk & 
Rebok, 2008), and not being married (Ragland et al., 2005; Mezuk & Rebok, 2008).  
Compared to older people who continue to drive, older people who cease driving are more 
likely to have decreases in physical functioning (Edwards, Lunsman et al., 2009), increases in 
depressive symptoms (Ragland et al., 2005), decreases in out-of-home and social activity 
participation (Marottoli et al., 2000; Mezuk & Rebok, 2008; Edwards, Lunsman et al., 2009), 
increases in the likelihood of entry into long-term care facilities (Freeman et al., 2006), and 
even increases in mortality (Edwards, Perkins et al., 2009). Older people are more at risk than 
middle-aged people of being killed and injured, particularly as pedestrians (Evans, 2000; 
Ministry of Transport, 2008a). For many older people accessing alternative transportation 
may not be possible due to their location, expense, or mobility problems, or unavailability of 
friends or family members to provide transportation. 
Given the increase in negative outcomes for older drivers who cease driving and the 
difficulties associated with attaining acceptable alternative transportation, it is of the utmost 
importance that older people continue to drive as long as they can. From a public policy 
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perspective cessation should only be required if there is evidence to believe that the person is 
putting themselves and/or other road users at seriously increased risk.  
1.2 The Need for Prediction of On-Road Driving Ability 
On-road driving assessment is a widely accepted ‘gold standard’ in determining on-road 
driving ability. However, there are inherent risks to driving assessors and the public in 
allowing people with physical or cognitive problems to be assessed on public roads. On-road 
driving assessment is a limited and expensive resource. In most areas of New Zealand, on-
road assessments are performed at the private cost of the individual. With the expected 
increase in older adults in the coming decades (Organisation for Economic Co-operation and 
Development, 2001), the issue of detecting potentially unsafe older drivers has become a 
pressing issue. Accurate prediction of driving ability using off-road testing will lead to more 
efficient use of limited assessment resources and prevent unnecessary evaluation of drivers 
whose risk of an adverse driving event is low. 
In New Zealand, mandatory on-road driving tests for drivers aged 80 and over was abolished 
in December 2006 and were replaced by compulsory licence renewal ages of 75, 80, and 
every two years thereafter. This change was due in large part to pressure by older adult 
organizations who claimed the policy was ageist (see Sullivan, 2004 for a response to Grey 
Power's criticism of Land Transport New Zealand's statistics that showed older adults were at 
increased risk of being injured and killed on the road). The abolition of compulsory testing 
raised inquiry as to whether at-risk older drivers could be identified using off-road testing. 
An accurate screening test for potential driving problems would be particularly valuable at 
licence renewals.  
In a related context, a New Zealand study determined a classification model to detect those 
people with brain disorders who were likely to receive a fail score on an on-road driving 
assessment (Innes et al., 2007). This model was constructed using 50 participants and is 
currently used in several occupational therapy practices in New Zealand as part of the formal 
driving assessment process. However, a follow-up study of 200 drivers with brain disorders 
or suspected dementia found that classification of Pass and Fail was more accurate when the 
dementia group was considered separately from the brain disordered group, rather than 
assessing all participants as one sample (Innes, Jones, Dalrymple-Alford et al., 2009). This 
suggests that a selection of measures could be optimized for drivers with suspected dementia 
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to provide better prediction of driving ability compared to the model constructed using a 
brain disordered sample.  
1.3 Objectives 
This research project addressed the following objectives: 
1. Review the effects of normal ageing on driving performance. 
2. Review how mild cognitive impairment and dementia affect driving performance. 
3. Review how driving ability is currently assessed. 
4. Assess the accuracy of measures currently used to assess driving ability.  
5. Determine measures that predict on-road driving performance in a group of older 
cognitively-unimpaired drivers.  
6. Follow cognitively-unimpaired older drivers to determine if drivers who fail an on-road 
driving assessment are more likely to experience adverse driving events than drivers who 
pass the assessment. 
7. Determine measures the predict on-road driving performance in a group of drivers with 
mild cognitive impairment and dementia. 
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CHAPTER 2 - 
Effects of Ageing, Mild Cognitive Impairment, and Dementia on 
Driving Performance 
2.1 Objectives 
The objectives of this chapter are to investigate the effects of normal ageing, mild cognitive 
impairment and dementia on driving performance. Before investigating how mild cognitive 
impairment, and dementia affect driving, it is first necessary to define how they are 
diagnosed. Following this, the current driver licensing requirements in New Zealand will be 
reviewed, particularly for older drivers. 
2.2 Normal Ageing 
There are a number of changes associated with ageing that can be grouped broadly into 
visual, cognitive, and physical domains (Janke, 1994; Staplin et al., 1998; Anstey et al., 
2005). Visual factors include physical changes in the sensory mechanisms of the eye, such as 
the development of cataracts, which interfere with functional mechanisms and lead to 
reduced visual acuity, reduced contrast sensitivity, visual field loss, deficits in depth and 
motion perception, increased glare sensitivity, and poorer vision in low light. Physical factors 
include decreased muscle strength and endurance, slower reaction and movement times of 
limbs, and reduced physical mobility, particularly in the trunk, neck and head. Cognitive 
factors include decrements in processing speed, memory function, planning, and decision-
making, visual scanning, focused attention on environmental stimuli, and dividing attention 
between multiple tasks.  
With ageing also comes an increase in the incidence of chronic disease of which vascular risk 
factors have been associated with impaired cognitive processes (Raz et al., 2007). 
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2.3 Dementia and Mild Cognitive Impairment 
2.3.1 Dementia 
Dementias are characterized by the development of multiple cognitive deficits which 
generally include memory deficits. The common dementias are progressively degenerative in 
nature but all must be associated with significant impairment in social and/or occupational 
functioning in order to meet diagnostic criteria. Invariably, personality and behaviour become 
altered to varying degrees. There are two commonly used diagnostic criteria for the diagnosis 
of dementia. A general one is found in the cognitive disorders chapter of the Diagnostic and 
Statistical Manual of Mental Disorders, 4th edition (DSM-IV-TR) (American Psychiatric 
Association, 2000). The second was proposed by the National Institute of Neurological and 
Communicative Disorders and Stroke and the Alzheimer’s Disease and Related Disorders 
Association  (NINCDS-ADRDA) (McKhann et al., 1984) and is specific to the diagnosis of 
Alzheimer’s dementia. 
Dementias in the DSM-IV-TR are subclassified into diagnoses of dementia of the 
Alzheimer’s type, vascular dementia, dementia due to other general medical conditions (e.g., 
HIV infection, head injury, Huntington’s disease, Lewy-body dementia, frontotemporal 
dementia, multiple sclerosis), substance-induced persisting dementia, dementia due to 
multiple aetiologies, and dementia not otherwise specified. All dementias in the DSM-IV-TR 
share a common symptom list with individual subtypes differentiated on the basis of their 
aetiology. Diagnostic criteria for dementia of the Alzheimer’s type are reproduced below: 
A. The development of multiple cognitive deficits manifested by both: 
1. Memory impairment (impaired ability to learn new information or to recall  
previously learned information) 
2. One (or more) of the following cognitive disturbances: 
(a) aphasia (language disturbance) 
(b) apraxia (impaired ability to carry out motor activities despite intact motor 
function) 
(c) agnosia (failure to recognize or identify objects despite intact sensory 
function) 
(d)  disturbance in executive functioning (i.e., planning, organizing, sequencing, 
abstracting) 
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B. The cognitive deficits in criteria A1 and A2 each cause significant impairment in 
social or occupational functioning and represent a significant decline from a previous 
level of functioning. 
C.  The course is characterized by gradual onset and continuing cognitive decline. 
D.  The cognitive deficits in Criteria A1 and A2 are not due to any of the following:  
(1) other central nervous system conditions that cause progressive deficits in memory 
and cognition (e.g., cerebrovascular disease, Parkinson's disease, Huntington's 
disease, subdural hematoma, normal-pressure hydrocephalus, brain tumor)  
(2) systemic conditions that are known to cause dementia (e.g., hypothyroidism, 
vitamin B or folic acid deficiency, niacin deficiency, hypercalcemia, neurosyphilis, 
HIV infection)  
(3) substance-induced conditions  
E.  The deficits do not occur exclusively during the course of a delirium. 
Alzheimer’s dementia is the most common form of dementia, accounting for half to two-
thirds of all cases (Lau & Brodney, 2008). Surveys of all dementias have reported prevalence 
rates of approximately 1% for ages 60 to 70, 7% between ages 70 and 79, 14% for ages 80 to 
84, 43% for ages 85 and 89, and 31% to 65% for those aged 90 and above (Ritchie & Kildea, 
1995; De Ronchi et al., 2005; Plassman et al., 2007). The rate and sequence of progression is 
unpredictable at an individual level, although early stages of degeneration in Alzheimer’s 
occur in cortical and hippocampal medial temporal lobe areas with cell loss generally 
spreading rostrally to prefrontal and parietal areas (Lezak et al., 2001). Alzheimer’s dementia 
is a diagnosis that can be given once there is supporting evidence (history or early memory 
decline, formal cognitive testing, and/or neuroimaging) and when alternative aetiologies are 
deemed unlikely. One important differential diagnosis is primary vascular dementia which is 
due to cerebrovascular insult most commonly caused by repeated ischaemic strokes. Medical 
conditions such as Multiple Sclerosis, dementia with Lewy bodies and Frontotemporal 
dementia must also be ruled out, as well as other less common dementias (e.g., substance 
abuse, or caused by HIV infection). Additional specifiers available in the diagnosis of 
Alzheimer’s in the DSM-IV-TR include whether behavioural disturbance is present (e.g., 
wandering, agitation) and whether the disease has early or late onset (early onset is for those 
aged 65 years or below when symptoms became apparent). 
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The NINCDS-ADRDA criteria are widely used in research for the diagnosis of Alzheimer’s 
dementia. These criteria differ from the DSM-IV-TR in that they have three levels with 
which Alzheimer’s can be diagnosed. The ‘Possible’ level requires that criteria for 
Alzheimer’s are met, but with the presence of other possible influences. The ‘Probable’ level 
requires that criteria for Alzheimer’s are met with no other apparent influences for 
impairment. The ‘Definite’ level requires that histopathologic evidence of Alzheimer’s is 
obtained from biopsy or autopsy. Simplified criteria for ‘Probable’ Alzheimer’s dementia are 
reproduced below (McKhann et al., 1984):  
1. Dementia established by clinical examination and confirmed by neuropsychological tests. 
2. Progressive worsening of memory.  
3. Deficits in two or more areas of cognition. 
4. No disturbance of consciousness (i.e., not present solely during the course of delirium) 
5. Onset between ages 40 and 90, most often after age 65. 
6. Absence of systemic disorders or brain diseases that, in and of themselves, could account 
for the progressive deficits in memory and cognition. 
 
Additional supporting evidence for a diagnosis of Alzheimer’s dementia includes impaired 
activities of daily living, family history of similar disorders, and normal results for a lumbar 
puncture and EEG, or evidence of cerebral atrophy using CT imaging with progression noted 
on serial measurements. While activities of daily living deficits are not mentioned in the 
specific criteria, general consensus (including DSM-IV-TR criteria) is that activities of daily 
living must be impaired for a diagnosis of Alzheimer’s dementia to be given, with an absence 
of deficits in this area more likely to lead to a diagnosis of mild cognitive impairment (see 
Section 2.3.2).  
Neither the DSM-IV-TR nor the NINCDS-ADRDA criteria provide guidelines for 
determining the severity of dementia. Severity is often established in research using the 
Clinical Dementia Rating, with a score of 0 indicating no dementia, a score of 0.5 indicating 
very mild impairment (sometimes used to denote mild cognitive impairment, which is 
discussed in Section 2.3.2), a score of 1 indicating mild impairment, a score of 2 indicating 
moderate impairment, and a score of 3 indicating severe impairment. In the absence of the 
CDR or other alternatives such as the Dementia Rating Scale (Jurica et al., 2001), the Mini-
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Mental State Exam can provide rough ranges to indicate severity, with a score of ≤9 
indicating severe impairment, 10-20 indicating moderate impairment, 21-24 indicating mild 
impairment, and 25 and above falling within the ‘intact’ range (Mungas, 1991). Further 
discussion of the use of MMSE for detecting dementia is in Section 5.7.1.  
In research studies, the diagnosis of dementia is generally made following extensive 
cognitive testing to document the degree of cognitive impairment across the specific 
cognitive domains mentioned in the DSM-IV-TR or NINCDS-ADRDA criteria. In addition, 
enquiries are made of spouses or family members to confirm that current everyday 
functioning is a decline from previous levels of functioning. Cognitive measures used in the 
diagnosis of dementia in the Dementia and Driving study are discussed in Section 8.1.3. 
2.3.2 Mild Cognitive Impairment 
Mild cognitive impairment (MCI) is proposed as a stage of cognitive impairment that lies 
between the normal cognitive changes expected in ageing and the pathological changes seen 
in dementia (Petersen et al., 2001; Petersen, 2004). MCI has increasingly gained acceptance 
as a precursor state to dementia. Carefully controlled studies suggest that people with a 
diagnosis of MCI are more likely to develop dementia than same-aged non-cognitively 
impaired people, with an average rate of progression of MCI to Alzheimer’s dementia of 
14% per year (Petersen et al., 2001). A diagnosis of MCI made using more recent criteria 
(Petersen, 2004) requires that a minimum of one area of cognition is affected, which does not 
have to be memory, with activities of daily living not significantly affected. Petersen (2004) 
provided a flowchart (Figure 2-1) that separates the diagnosis of MCI into four categories: 
Amnestic MCI single domain where there is only significant decline in memory processes, 
and Amnestic MCI multiple domain where there is also significant decline in at least one 
other area of cognition. There is also a Non-Amnestic MCI classification for people who lack 
memory impairment but have one (single domain) or more than one (multiple domains) areas 
of deficit in other cognitive processes.  
Although few researchers now agree, Petersen (2004) suggested that specific subtypes of 
MCI may be more likely to develop into specific subtypes of dementia, with amnestic types 
more likely to become Alzheimer’s dementia and types characterized by non-memory 
impairment more likely to become dementia types such as Dementia with Lewy Bodies or 
Frontotemporal Dementia.  
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As there is no universally accepted set of diagnostic criteria for MCI, the most widely used 
criteria for Amnestic MCI (Petersen, 2004) are, in simplified form: 
1. Subjective memory complaint usually corroborated by an informant.  
2. Objective memory impairment for age. 
3. Essentially preserved general cognitive function. 
4. Largely intact functional activities. 
5. Not demented. 
The criterion regarding functional activities leaves ample room for subjective decisions 
regarding whether the level of impairment is indicative of MCI or dementia.  
 
Figure 2-1.  Proposed flowchart showing the four different types of MCI and how the diagnostic decision 
is arrived upon. Adapted from Petersen (2004). 
 
Despite the diagnosis of MCI being somewhat variable across researchers at this point, the 
detection of early stages of cognitive impairment is very important as the affected person and 
their family need to make plans for their future and it may determine the administration of 
any current or future treatment that may be most effective in the early stages of a possible 
dementia.  
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2.4 Driving with Ageing, Dementia, and Mild Cognitive Impairment  
2.4.1 Normal Ageing and Driving 
The visual, cognitive, and physical factors listed in Section 2.2 were reviewed due to their 
possible negative affects on driving (Janke, 1994; Staplin et al., 1998; Anstey et al., 2005). 
Specific medical conditions have been linked to negative driving outcomes including heart 
disease (McGwin et al., 2000; Sagberg, 2006), high blood pressure (Anstey et al., 2005), 
stroke (McGwin et al., 2000; Sims et al., 2000; Sagberg, 2006), and dementia (Cooper et al., 
1993; Zuin et al., 2002). Marottoli et al. (1994) found that older drivers with a higher number 
of chronic conditions were more likely to be involved in 12-month prospective self-reported 
crashes. Molnar et al. (2007) found that being “bothered a great deal by diabetes mellitus” 
was associated with increased motor vehicle crashes in older drivers. The authors suggest this 
demonstrates that functional effects of an illness may be a more useful correlate of crash 
incidence than the simple presence of an illness. That is, the severity and control of a medical 
condition may tell us more than simply whether the person has the disease.  
Older adults with intact cognition may be able to compensate for age-related changes 
provided they occur gradually. But this may not be the case. Lövsund, Hedin, and Törnros 
(1991) found that only 4 of 31 participants with visual field deficits were able to perform as 
well as a control group in detecting visual stimuli during a simulated drive. It is unclear how 
an older driver could compensate for the effects of illness such as heart disease or high blood 
pressure which presumably affect driving through wear and tear on the vascular system and 
have been linked with impaired cognitive processes (Raz et al., 2007). 
The evidence for an effect of age-related changes to the visual system on driving safety is not 
strong. Anstey et al. (2005) performed a review of the research literature from 1991 to 2002 
and concluded that the effect of reduced visual acuity on the outcome of on-road assessment 
or real-world crashes is inconsistent between studies. They reported weak associations 
between contrast sensitivity and on-road outcomes, and no evidence for the association 
between peripheral visual fields or depth perception and on-road outcomes. Anstey et al. 
(2005) suggest that visual tests used in isolation are not strong predictors as they do not tap 
into the visual and cognitive complexity of the driving task. 
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2.4.2 Driving with Alzheimer’s Dementia  
The diagnosis of dementia is not a sensitive or specific enough measure on its own to 
determine driving ability. Many people with early dementia are able to pass an on-road 
driving assessment with pass rates ranging from 37% to 73% (Fox et al., 1997; Grace et al., 
2005; Lincoln et al., 2006). The task of deciding which drivers with dementia are safe to 
continue driving is therefore a difficult matter. A review of several published guidelines for 
assisting in the decision-making process regarding which drivers with dementia are safe and 
which are unsafe reveals several similarities. Recommendations that people with moderate 
and severe dementia cease driving have been made (Canadian Medical Association, 2006; 
Australian and New Zealand Society for Geriatric Medicine, 2010) with an accompanying 
suggestion that people with mild dementia may be able to continue driving with appropriate 
monitoring and assessment. Statements that results of neuropsychological tests cannot be 
used reliably thus far to determine which drivers with dementia are safe and unsafe on the 
road have also been made (Australian and New Zealand Society for Geriatric Medicine, 
2010; Iverson et al., 2010). The American Academy of Neurology identified the Clinical 
Dementia Rating (CDR) as the most useful measure of overall cognitive decline (Iverson et 
al., 2010). They provide further recommendations to take into consideration caregiver ratings 
of poor driving, the incidence of traffic offences and crashes, and to look for changes in 
driving patterns such as reduced mileage and situational avoidance as potential risk factors. 
Other literature reviews and research studies support the use of the CDR as a global measure 
of dementia severity that can be useful in deciding whether a patient is likely to have 
problems with driving (Johansson et al., 1996; Hunt et al., 1997; Duchek et al., 1998; 
Dubinsky et al., 2000; Brown & Ott, 2004; Ott et al., 2008).  
The New Zealand Transport Agency guide for New Zealand medical practitioners (New 
Zealand Transport Agency, 2009) provides little specific guidance, with no endorsed tests to 
detect dementia, no mention of degrees of dementia severity and how they relate to driving 
safety, and an extreme and ill-informed statement that “Individuals with confirmed dementia 
or cognitive impairment from whatever cause should not drive” (p. 33). This statement 
clearly goes against evidence that many people with diagnosed dementia can pass an on-road 
driving assessment, and is also contrary to the advice of the other professional bodies, listed 
above, which provide a more detailed and objective analysis to testing driving ability in those 
with dementia. 
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2.4.3 Driving with Mild Cognitive Impairment  
Due to the lesser severity of MCI compared to Alzheimer’s dementia, it would be expected 
that MCI would have less effect on driving ability. There are few studies that have 
investigated driving ability in samples of people with MCI. Frittelli et al. (2009) tested a 
group of 20 participants with Alzheimer’s dementia, 20 with MCI, and 19 controls on a 
driving simulator. The Alzheimer’s participants received poorer scores than the control group 
on the time it took to complete the drive, time to collisions, number of off-road events, and 
visual reaction times. The MCI group were poorer than controls only in mean time to 
collision. Other studies have not classified their participants as MCI but rather as “very mild 
dementia” with a Clinical Dementia Rating of 0.5. Those drivers with a CDR score of 0.5 
performed more poorly on an on-road test than a non-impaired control group (Brown et al., 
2005). Duchek et al. (1998) found that on-road test scores dropped as dementia severity 
increased from CDR 0 (unimpaired), to 0.5, to 1. Survival curves for failing repeated on-road 
tests over time were steeper for CDR 0.5 than CDR 0, but less steep than for people with a 
CDR rating of 1, although these differences were not statistically significant (Duchek et al., 
2003). O’Connor et al. (2010) followed a group of cognitive healthy older adults and a group 
with cognitive impairments suggestive of MCI over a period of five years with self-ratings of 
a number of driving behaviours. They found a significant increase in ratings of driving 
difficulty over time in the non-amnestic and multiple domain MCI types compared to the 
control and amnestic MCI groups. The authors suggest that functional loss of complex 
behaviours such as driving occurs in those with MCI. This suggests that the early detection of 
cognitive impairment in older drivers is an important clinical objective. 
More studies are needed that utilize MCI samples in order to determine the level of risk in 
this group compared to those with a dementia diagnosis. 
2.4.4 Summary 
Normal ageing heralds many changes in visual, cognitive, and physical domains as well as an 
increase in the incidence of chronic illness, comorbidity, and cognitive disorders. While older 
drivers without cognitive impairment may be able to adjust to some extent to these gradual 
changes over time, drivers with cognitive impairment caused by MCI or Alzheimer’s 
dementia are at a disadvantage. The task of predicting driving ability is made more difficult 
by the idiosyncratic nature of MCI and Alzheimer’s dementia, with some people able to 
continue driving safely with others who are seemingly similarly impaired having lost this 
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ability. The lack of research into the effect of MCI on driving ability is a concern as we can 
expect a large increase in the numbers of older drivers with MCI in the coming decades. 
There is agreement that drivers with dementia will at some point become unsafe drivers. 
However, a reliable way to measure when this occurs is not readily forthcoming. Finding 
measures that help to separate those drivers with MCI and Alzheimer’s dementia who can 
drive safely from those who cannot is necessary for developing ways of screening for driving 
ability in a primary care setting. 
2.5 Crash and Traffic Offence Risk 
2.5.1 General Public 
Crashes are a rare event, particularly crashes in which people are injured or killed. In New 
Zealand, the Ministry of Transport keeps record of crashes that have resulted in injury or 
death within 30 days. This crash database includes any crash that occurred on a public road 
which was attributable to a motor vehicle or its load. In 2009, 384 people died on New 
Zealand roads as a result of a motor vehicle crash and 14,541 were injured (Ministry of 
Transport, 2010). This equates to death rates of 1.2 per 10,000 registered vehicles, and injury 
rates of 45 per year per 10,000 registered vehicles.  
The majority of crashes do not result in an injury or death and, hence, are not found in 
official records. A New Zealand study of 853 drivers aged 15 to 84 (mean 39.3 years) found 
a rate of self-reported crashes of 38.2% over 5 years, or 7.6% a year (Sullman & Baas, 2004). 
An Australian study found a 12-month self-reported crash rate of 10.8% for a group of 443 
employees of an insurance company with an age range of 18 to 68 years (mean age 44 years) 
(Davey et al., 2007). It is clear that self-reported crash rates are higher than the incidence of 
police-recorded crashes that result in death and injury. Although most self-reported crashes 
would be considered less serious than those officially-recorded, they could none-the-less tell 
us about the on-road safety of drivers. 
Traffic offences are another measure that can tell us about driving safety and have the 
advantage of having higher base rates than officially-recorded crashes. 17.6% of an 
Australian sample of 443 drivers self-reported receiving fines and demerit points due to 
traffic offences in a 12-month period (Davey et al., 2007). For the 12 months ended 30 June 
2008, New Zealand police issued 760,720 speeding offences to a licensed population of just 
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over 3 million drivers (New Zealand Police, 2008; Ministry of Transport, 2009). This 
represents a speeding offence for 24% of drivers, although this is an over-estimation as the 
data do not account for single drivers receiving multiple offences. 
The commission of traffic offences has been associated with an increased likelihood of 
having crashes in general population samples (Rajalin, 1994; Parker et al., 1995; Cooper, 
1997). People observed driving at higher speeds on public roads are more likely to have a 
state-recorded history of crashes and traffic offences over the previous seven years 
(Wasielewski, 1984). The higher base rate of traffic offences compared to crashes, and the 
relationship between traffic offence and crash risk indicates that traffic offences could be a 
useful measure for detecting drivers with unsafe driving behaviours.  
2.5.2 Older Drivers 
Interpretation of older driver involvement in death and injury causing crashes is confounded 
by several factors. The most influential factor is that older drivers are more physically fragile 
than younger drivers and hence more likely to be killed or injured than a younger driver in a 
crash of equivalent severity (Organisation for Economic Co-operation and Development, 
2001; Li et al., 2003; Meuleners et al., 2006; Tefft, 2008). Li, Braver, and Chen (2003) 
developed a method for statistically controlling for the influence of physical fragility for 
death statistics and found substantially decreased death rates following data correction. 
Statistics for New Zealand driver deaths, both uncorrected and corrected for fragility, are 
shown in Figure 2-2. The figure clearly shows that controlling for fragility reduces driver 
deaths in those aged 60 and over. 
Another confounder of older adult crash rates is the custom of representing crash data per km 
driven, as in Figure 2-2, which presents risk as if all drivers were equally exposed, i.e., all 
drove the same number of km. Older drivers, on average, drive fewer km per year than 
middle aged drivers (Evans, 2000). Two population based studies of Finnish and Dutch 
drivers found that driving fewer km was associated with increased accident involvement 
across all age groups (Hakamies-Blomqvist et al., 2002; Langford et al., 2006). But the 
relationship between km driven and crashes appears to be even more complicated than this. 
Drivers aged 75 and over who reported driving fewer than 3,000 km a year have been shown 
to have a positive age to crash risk correlation, while drivers of the same age who drove more 
than 3,000 km a year had the lowest crash rates for all age groups (Langford et al., 2006). 
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Figure 2-2.  Deaths rates of drivers involved in crashes both uncorrected and corrected for fragility. 
Adapted from Ministry of Transport (Ministry of Transport, 2008a) 
 
The authors suggest this could be due to an over-representation of physically and cognitively-
impaired drivers in the low-mileage oldest age group. This pattern indicates that reducing 
driving frequency and distance could act as a risk factor for negative driving outcomes. There 
is likely also an affect for km driven in that those who drive more frequently are on the road 
more often and thus exposed to the risk of a crash more than those who drive less frequently.  
Presenting death or injury statistics by the number of licensed drivers in each age group 
rather than by per km travelled essentially controls for differing driving exposure between 
age groups (Figure 2-3). The shape of the distribution is similar to the distribution of deaths 
per km driven but with a shallower rise in the oldest age groups. Unfortunately the data in 
Figure 2-3 is not adjusted for fragility but it would be expected to follow a similar reduction 
for older drivers as shown in Figure 2-2 due to the outcome measure being injuries and 
deaths which are mostly influenced by fragility. 
Evans (2000) investigated the threat posed to other road users by relicensing male drivers of 
different ages. He found that relicensing an 80 year old male driver represented 26% less 
threat to other road users than relicensing a 40 year old male driver. Relicensing a 20 year old 
male represented a threat of 140% greater than relicensing an 80 year old male(Evans, 2000). 
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The lower rates of threat associated with older drivers were due to their reduced driving 
exposure compared to the younger driver groups (Evans(2000). 
The number of drivers injured and killed on New Zealand roads in 2008 as a percentage of 
licensed drivers in each age group over 60 years old were 0.24% for ages 60-64, 0.23% for 
aged 65-69, 0.25% for aged 70-74, 0.30% for ages 75-79, and 0.45% for ages 80 and above 
(Ministry of Transport, 2009). A study of New Zealand drivers aged 80 and over found 
crashes resulting in injury and death in 0.8% of the sample over two years, which is 
consistent with official crash rates reported previously (Keall & Frith, 2004a). Self-reported 
crash rates, which include those not severe enough to have been recorded officially, range 
from 4% to 10% per year in older drivers (Marottoli et al., 1994; Sullman & Baas, 2004; 
Anstey et al., 2009).  
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Figure 2-3.  Deaths rates of drivers involved in crashes per 10,000 drivers licences in each age range. 
Adapted from a Ministry of Transport report (Ministry of Transport, 2008b) 
 
There is no published official data relating the age-breakdown of traffic offences in New 
Zealand and few studies have gathered information on self-reported offences. Two studies 
that collected self-reported data on traffic offences for older drivers found offence rates per 
year of 2.6% and 3.0%  respectively (Hoffman & McDowd, 2010; Oxley et al., 2010). This 
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rate is lower than the self-reported crash rate reported above and may not be a satisfactory 
estimate of actual traffic offence rates in older drivers. 
It is easy to see how the effects of fragility and low-mileage bias lead to beliefs that older 
drivers are inherently more dangerous on the road. In general, older drivers pose little risk to 
other road users but are at greatly increased risk of being killed or injured themselves if they 
are involved in a crash, even if they did not cause it. Nevertheless, regardless of whether 
injury and death rates are displayed by km driven as in Figure 2-2 or by number of licensed 
drivers as per Figure 2-3, drivers in the oldest age groups show an increasing trend for death 
and injury even after corrections for physical fragility are applied. Li et al. (2003) and 
Meuleners et al. (2006) independently found a proportionate reduction in the effects of 
fragility in drivers aged 80 and over with a concomitant rise in death and injury rates 
attributable to increasing frequency of crash involvement. This suggests that the oldest 
drivers may begin to have crashes more frequently. An increased crash rate is likely related to 
age-related changes that include the effects of normal ageing, medical conditions, and 
cognitive disorders.  
Meuser et al. (2009) found support for the effect of medical conditions on driving when 
comparing 4,100 drivers (mean age 80 years) who had reported medical conditions that may 
affect driving compared to 11,615 age and sex-matched controls. Official records of crashes 
that involved death, injury, or property damage of US$500 and above were collected for a 14 
year period, with 48.7% of the medically-impaired group having a crash in this period versus 
27.0% of the control group. Furthermore, 20.7% of the medically-impaired group had two or 
more crashes in this time versus 7.3% of the control group. The medically-impaired group 
consisted of people with dementia or other cognitive disorders (45%), vision problems 
(31%), musculoskeletal/neuromuscular problems (28%), disorders of consciousness (not 
defined, 16%), cardiac/cardiovascular problems (12%), brain injury, tumour, or stroke (10%), 
psychiatric problems (8%), and alcohol and drug abuse (3%). This study supports the 
assertion that it is older drivers with medical conditions who are likely skewing the crash 
statistics of older drivers. 
2.5.3 Alzheimer’s Dementia and Mild Cognitive Impairment 
The biases that apply to older drivers and official injury and death rates also apply to drivers 
with dementia and MCI as the majority of those affected are aged 60 and above. The best 
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way to control for this effect is to have a same-aged control group with which to compare the 
frequency of crashes. Cooper, Tallman, Tuokko, and Beattie (1993) found that drivers 
diagnosed with dementia had almost 2.5 times as many crashes that resulted in insurance 
claims versus an age-matched community control group. Zuin, Ortiz, Boromei, and Lopez 
(2002) found that drivers with dementia (mostly Alzheimer’s) were 10.7 times more likely to 
have a crash than an age-matched control group. Finally, LaFont et al. (2008) followed just 
under 1000 drivers with a mean age of 72.8 years, some of whom were diagnosed with 
dementia at baseline and some who were diagnosed two years later. Those who were 
diagnosed with dementia at the two-year follow-up (but not at the baseline assessment) were 
3.4 times more likely to have self-reported a crash in the 5 years prior to the baseline 
assessment than other drivers without central nervous system disease (defined as a diagnosis 
of Parkinson’s disease, head trauma, or stroke). This result suggests that crash rates may 
begin to rise years before criteria for a clinical diagnosis of dementia are met, which adds to 
the need to examine MCI in addition to mild dementia.  
Drivers with dementia may have their crash risk further raised by adverse side-effects from 
prescription medications. Rapoport et al. (2008) found that drivers with dementia who were 
prescribed antipsychotics, antidepressants, or benzodiazepines were 1.5 times more likely to 
be involved in a crash than a control group of drivers with dementia who were not taking 
these medications. Another study, however, compared the police-reported crash and violation 
rates of 143 drivers with Alzheimer’s to 715 age-matched controls and found no increased 
rate of crashes in the Alzheimer’s group for the period 1986 to 1993 (Trobe et al., 1996). The 
authors suggest that this could be due to reduced mileage by the Alzheimer’s group which 
would have limited their exposure to risky driving situations. The higher crash rates found by 
many studies have led several research groups to suggest that drivers with dementia be 
assessed on-road every 6 months (Fox et al., 1997; Dubinsky et al., 2000; Duchek et al., 
2003; Adler et al., 2005; Frittelli et al., 2009).  
No studies were found that compared the crash rates of people with MCI to a control or 
dementia group. It would be expected that crash rates for this group would fall between those 
for controls and dementia groups as do their scores on cognitive tests. Likewise no studies 
were found that reported rates of traffic offences for either dementia or MCI groups. When 
studies do investigate driving outcomes in these clinical groups, the dependent variables most 
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commonly used are on-road driving performance, simulated driving performance, and crash 
rates. 
2.5.4 Summary 
When the effects of physical fragility and low-mileage bias are controlled for, older drivers 
can be seen to be the safest drivers on the road. However, older drivers are at a higher risk of 
serious injury and death if involved in a crash due to their greater physical fragility. It is clear 
that a sub-group of older drivers are more at risk of being involved in crashes due to medical 
and cognitive disorders (e.g., dementias, delirium, and amnestic disorders). This group 
should be the prime target of initiatives that seek to detect older drivers who pose undue risk 
to themselves and others. 
2.6 Driving Assessment in New Zealand 
2.6.1 General Population 
All New Zealand drivers undergo a compulsory screening assessment for visual acuity and 
peripheral vision at 10-year licence renewals. Drivers aged 75, 80, and every two years 
thereafter must obtain a medical-fitness-to-drive certificate from their primary care physician 
in order to renew their licence. This process is explored in detail in Section 2.6.3. 
2.6.2 Medical Conditions 
A guide for medical practitioners, optometrists, and occupational therapists is produced by 
the New Zealand Transport Agency to aid in assessment of medical fitness to drive (New 
Zealand Transport Agency, 2009). Drivers of any age are required to be medically fit to 
drive, with a range of medical conditions serving as potential contra-indicators of safe driving 
for personal and commercial drivers. There are explicit visual standards that all drivers must 
meet in order to obtain a licence but most other medical conditions do not have specifically 
defined criteria for licensing. It is the responsibility of the medical practitioner to make a 
decision regarding driving safety or to refer their patient to a specialist who can advise on 
suitability for driving.  
Assessments for medical fitness to drive can be requested for drivers of any age and are often 
requested for people who have had strokes or brain injuries to determine if and when they 
may be able to return to driving. An examination of the ages of drivers reported for medical 
conditions following the introduction of voluntary reporting laws in the US state of Missouri 
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in 1999 showed that 93% of reports were for drivers aged 50 and over, with 83% for drivers 
aged 70 and over (Meuser et al., 2009). In a sample of 501 drivers referred for medical 
driving assessments due to brain problems (traumatic brain injury, neurological conditions 
including stroke and dementia) in three driving assessment practices in New Zealand, 64% 
were aged 65 years and over (C. Innes, personal communication, January 2011). It may be 
safe to assume that the majority of drivers referred for medical driving assessments are in the 
older age groups.  
Apart from general information about the effects of different medical conditions on driving 
presented in the Medical Aspects of Fitness to Drive handbook (New Zealand Transport 
Agency, 2009), there are no references or statistics supplied to indicate the effect of particular 
medical conditions on driving ability. It is therefore the decision of the primary care medical 
practitioner to decide whether their patient is likely to be a safe driver or to refer on for 
additional assessment. 
2.6.3 Older Drivers 
The Medical Aspects of Fitness to Drive handbook contains a specific section for medical 
conditions more likely to affect older drivers. These conditions include early onset of fatigue, 
slowed responses, visual problems, impaired cognitive function, impaired mobility, and 
dementia (New Zealand Transport Agency, 2009, p 105). A medical practitioner is asked to 
take special note of medical history, mental function, vision, cardiovascular and central 
nervous systems, and the locomotor system in older drivers seeking to renew their licence. 
The NZTA offers a short test of road sign recognition in the Medical Aspects of Fitness to 
Drive manual to use with people who may be suspected of having dementia (New Zealand 
Transport Agency, 2009, p 135). The instructions read “If you suspect a person may be 
showing signs of forgetfulness or memory loss, give them this simple test on common traffic 
signs. A person who has trouble with this test or takes a long time to answer may need further 
assessment.” Unfortunately this test has not been investigated for its relationship to driving 
outcomes and no score is provided to determine whether the person may have a problem with 
driving.  
There is a specific process for renewing an older driver’s licence, depicted in Figure 2-4. 
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Figure 2-4.  Flowchart of the older driver licence renewal system (Adapted from NZTA information pack 
for general practitioners of December 2006). 
 
The chart depicts four decision pathways. The most direct options (1 and 4) are for a medical 
practitioner to independently decide whether a patient is medically fit to drive or not and to 
recommend this unconditionally. These options should be utilized when the medical 
practitioner is satisfied that their patient is fit to drive (Option 1), or when there is obvious 
impairment such as moderate to severe dementia or levels of visual acuity that do not meet 
NZTA minimum requirements (Option 4).  
Option 2 has two sub-options. The first is for the medical practitioner to supply a medical-
fitness-to-drive certificate with set conditions added to the licence, such as wearing corrective 
lenses while driving, distance restrictions, or daytime only restrictions. Langford and Koppel 
(2011) surveyed licence restrictions for drivers aged 65 and over in the Australian state of 
Victoria. They found that restrictions specific to distance restrictions made up only 0.5% of 
all those with restrictions, and restrictions for daytime only driving making up 0.3% of 
restrictions. 96.3% of restrictions were for wearing corrective lenses while driving. They 
found a trend for those with distance and daytime restrictions, as well as restrictions to drive 
in specific areas only to have lower crash rates, but these were not statistically significant due 
to the low base rate of restrictions in the sample. There is currently little evidence that driving 
restrictions make drivers safer, and restrictions other than for wearing corrective lenses are 
not regularly used.  
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The second sub-option according to Figure 2-4 is for the medical practitioner to supply a 
medical-fitness-to-drive certificate subject to the patient satisfactorily undertaking an On-
road Safety Test. If the patient fails that test, this information is forwarded to NZTA who 
make a decision regarding renewal of the patient’s licence. The On-road Safety Test is a 30-
min on-road assessment which assesses basic driving skills (e.g., leaving the kerb, turning 
left at an intersection), hazard detection (e.g., negotiating a crossroad, stopping or giving way 
at Stop or Give Way signs), and more complex driving situations (e.g., turning right at a 
crossroad in medium-to-heavy traffic in a 50 km/h zone). Scoring is based on the 
performance of predetermined manoeuvres, with error scores weighted and combined to give 
an ultimate pass or fail score.  
Option 3 is an intermediate step for when the medical practitioner is unsure whether a 
diagnosed or suspected medical illness may be affecting driving safety. In this case, the 
medical practitioner can refer their patient to a medical specialist (e.g., neurologist, 
geriatrician, psychiatrist, optometrist), or to an occupational therapist (OT) who can perform 
a medical driving assessment. On receipt of the specialist assessment results, the medical 
practitioner follows flowchart options 1, 2, or 4. Medical driving assessments are performed 
by OTs with specialist training in driver assessment. Unlike the On-road Safety Test medical 
driving assessments do not make use of predetermined lists of errors with weighted scores, 
but are considered by NZTA to be a more comprehensive assessment of driving ability. The 
on-road component of an assessment averages 45-min in length and spans a wide range of 
on-road driving situations (e.g., different speed zones, single- and multi-laned roads, moving 
from quieter to more busy roads). OTs assess aspects such as awareness of the road and 
traffic environment, apparent insight into the driving task and any errors that occur, and 
whether patients are able to compensate for difficulties posed by their medical condition. An 
OT assessment of driver safety is based on a combination of outcomes of on-road 
assessment, cognitive and physical evaluations, and any information gathered from a patient 
including, but not limited to, driving history and frequency, self-imposed limitations, and 
orientation to time and place.  
2.6.4 Summary 
While all New Zealand drivers must be medically fit to drive in order to hold a licence, there 
is no compulsory testing of this (apart from 10-yearly checks of visual acuity and peripheral 
vision) until age 75. A specific process for licence renewal for older drivers is provided but 
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the official Medical Aspects of Fitness to Drive handbook (New Zealand Transport Agency, 
2009) does not provide statistics on the risk that specific medical conditions pose to driving, 
rather leaving medical practitioners and other health professionals to estimate this for 
themselves. Perhaps most concerning is the lack of data provided regarding the risk dementia 
poses to driving, and few guidelines to follow when deciding when a patient diagnosed with 
dementia may be in need of additional assessment or to have their licence revoked. This 
information is present in the literature and has been readily used in providing more detailed 
advice on the management of patients with dementia in other publications (Canadian Medical 
Association, 2006; Australian and New Zealand Society for Geriatric Medicine, 2010; 
Iverson et al., 2010).  
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CHAPTER 3 - 
Off-Road Assessment and Prediction of On-Road Driving 
3.1 Objectives 
The objectives of this chapter are to review the literature for off-road measures that have 
been used to predict on-road driving. These include cognitive measures, sensory-motor 
measures, personality measures, self-reported driving behaviour, driving simulators, and 
computerized assessment measures. The on-road driving assessment itself is then 
investigated to determine its predictive validity for future real-world negative driving 
outcome such as crashes. Following this the hypotheses for the research studies are detailed. 
3.2 Cognitive Measures 
As detailed in Section 2.4.1, normal ageing leads to a slowing of a number of cognitive 
processes, most notably the speed with which information is processed. As detailed in 
Sections 2.3.1 and 2.4.2, dementia is characterized by a progressive loss of general cognitive 
processes and is associated with an increase in negative driving outcomes such as crashes. 
Cognitive testing shows that even older drivers who do not meet diagnostic criteria for a 
cognitive disorder and who perform poorly on on-road driving assessments have, on average, 
poorer scores on cognitive testing (e.g.,  Wood et al., 2008). However, these measures are not 
accurate in discriminating which individual older drivers are likely to have problems on the 
road. Drivers who are not cognitively-impaired are unlikely to be referred for a driving 
assessment. Naturally, far more research has investigated driving ability in people with 
cognitive impairment.  
Probably because of its brevity, the Mini Mental State Examination (MMSE) (Folstein et al., 
1975) was the most commonly used measure in a meta-analysis of 27 studies that used 
cognitive testing to predict driving ability in drivers with dementia (12 out of 27 studies)  
(Reger et al., 2004). Korner-Bitensky et al. (2006) reported that 27% of their occupational 
therapist sample used the MMSE as part of their testing procedure. Unfortunately, the MMSE 
is not a robust predictor of driving ability, with results too variable between studies to decide 
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on useful cut scores for defining safety (Molnar et al., 2006). This is likely due to the poor 
sensitivity of the MMSE in detecting the presence of mild cognitive impairment or mild 
dementia, where many drivers who are unsafe will score in the ‘intact’ range on this measure 
(Nasreddine et al., 2005; Smith et al., 2007). Therefore, global measures of cognitive 
impairment such as the MMSE are likely not specific enough to yield useful prediction of 
unsafe driving in individuals with dementia. 
In the Reger et al. (2004) meta-analysis, the next most commonly used test after the MMSE 
was the Trail Making Test B (9 studies). Trail Making A was the third most common (6 
studies). The majority of cognitive tests investigated in the meta-analysis were used in a 
single study, making the averaging of effect sizes impossible for many measures. The meta-
analysis included studies that had used a variety of dependent outcomes measures: on-road 
tests, off-road tests (driving simulators or tests of driving knowledge), or caregiver’s report of 
driving ability. When scores on cognitive tests were compared between control and dementia, 
cognitive tests were significantly different between groups. However, when control groups 
were excluded, and only those with dementia were compared between driving outcomes, 
many significant relationships disappeared, but tests of visuospatial function and executive 
function remained significant outcomes to differentiate safe from unsafe drivers. It is 
unfortunate that Reger et al.’s meta-analysis included studies with non-on-road measures of 
driving ability as the dependent measure. The inclusion of studies that used outcome on 
driving simulators or driving knowledge tests to determine driving ability would not be 
considered gold-standard measures of driving ability. Nevertheless, a recent narrative review 
of the dementia and driving literature (Silva et al., 2009) mirrors Reger et al.’s (2004) 
recommendation that visual attention and executive function tests appear to have the best 
relationship with driving in people with dementia. Unfortunately the Silva et al. (2009) study 
also included studies where the dependent outcome measure was simulated driving and 
informant self-reports of the participant’s driving ability rather than on-road assessment 
outcome. Studies using cognitive tests should instead focus on finding tests that discriminate 
between drivers with dementia (and do not include control participants) who pass or fail an 
on-road assessment, or who meet some other criterion that relates to real-world driving 
ability such as the incidence of crashes or traffic offences. 
With the increasing emphasis on the detection of unsafe driving due to the increase in 
number of older adults over the coming decades there is also a need to investigate the 
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usefulness of cognitive tests in older adults without diagnosed cognitive impairment to 
determine whether a subset of tests could be used in a primary practice setting to identify 
older drivers who are at increased risk of negative driving outcomes. As cognitive disorders 
are prevalent in the older adult population, as discussed in Section 2.3, the detection of at-risk 
older drivers will increasingly become the task of GPs, and early detection of potential 
cognitive problems would be useful for the planning of driving changes and possible future 
cessation of driving. For countries such as New Zealand where GPs are obliged to make a 
decision about driving safety for their patients aged 75 and over, the availability of an 
objective and validated screen for the detection of at-risk older drivers would be an 
invaluable resource. 
3.2.1 DriveSafe and DriveAware 
DriveSafe and DriveAware are commercially available assessment tools for driving specialist 
occupational therapists which, when used together, aid in the prediction of on-road driving 
assessment outcome in drivers referred to driving rehabilitation centres for a variety of 
medical conditions (http://www.pearsonpsychcorp.com.au/productdetails/374).  
The first assessment component, DriveSafe, consists of a series of 13 images of a roundabout 
with pedestrians and vehicles projected onto a screen (Kay et al., 2009c). The positions and 
numbers of pedestrians and vehicles vary amongst the 13 images. Examinees view each 
image for 3 seconds and then report details about the position and direction of travel of the 
pedestrians and vehicles for each image. The score is the number of items correctly described 
(maximum of 140 points). Although Kay et al. (2009c) make no claims as to which cognitive 
processes DriveSafe is measuring, it would appear to be attention, visual scanning, 
processing speed, and memory. 
The second assessment component, DriveAware, was developed as a measure of driving 
awareness, again for driving rehabilitation centre referrals (Kay et al., 2009a; Kay et al., 
2009b). DriveAware consists of eight questions (e.g., why have you been referred for a 
driving assessment? How would you rate your driving performance now compared with 10 
years ago?). Examinees rate each question on a 3-point scale (1 = very aware to 3 = very 
unaware) and the assessor also rates each answer based on their judgment of the examinees 
awareness (1 = client has poor performance or knowledge to 2 = client has good performance 
for knowledge). A total difference score between the opinions of the examinee and examiner 
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is used to determine whether the examinee has intact, partial, or absent awareness. 
DriveAware is not a cognitive measure per se, but is performed in combination with 
DriveSafe to classify on-road assessment outcome. 
One study has examined the ability of a combination of DriveSafe and DriveAware to predict 
on-road driving outcome (Kay et al., 2009c). The participants were 115 referrals to two 
driving rehabilitation centres with an age range of 16 to 95 years (mean age 62.2, 79% male). 
Around one third had a neurological diagnosis such as a stroke or Parkinson’s disease, 26% 
had dementia including mild cognitive impairment, 24% had orthopaedic or spinal injuries, 
6% had acquired brain injury and 10% had miscellaneous other disorders. Both DriveAware 
and DriveSafe were performed and then each examinee completed an on-road driving 
assessment where each was rated as pass, conditional pass, intervention, and fail. For the 
study the pass and conditional pass groups were combined to represent the pass group. Cut 
points were used for both DriveAware and DriveSafe for trichotomizing on-road outcome. 
39% of the sample passed, 31% failed, and 30% received an ‘intervention’ score. The authors 
investigated an upper and lower cut point for determining pass and fail scores with the 
middle group recommended for an on-road driving assessment. 50% of participants were 
predicted as outright pass and fail, and this result was 90% accurate, meaning that for the 
entire sample the off-road assessment model correctly classified 45% of on-road pass and fail 
outcomes. Kay et al. (2009c) state that the purpose of their assessment was to reduce the 
number of drivers who completed on-road driving assessments, so their results are not 
comparable to studies that predict a binary outcome (e.g., pass/fail). The authors provide a 
flow diagram for with cut points for both DriveSafe and DriveAware in order to predict the 
trichotomous outcome. The authors also mention that the on-road assessors were not blinded 
to off-road assessment results. 
3.3 Sensory-Motor Measures 
As discussed in Section 2.4.1, normal ageing brings a number of changes in physical 
processes such as decreased muscle strength and endurance, slower reaction and movement 
times of limbs, and reduced physical mobility, particularly in the trunk, neck and head. The 
research literature on driving has tended to focus on cognitive changes associated with 
decreased driving ability, with less attention paid to the effects of sensory-motor changes. A 
narrative review by Stelmach and Nahom (1992) investigated sensory-motor decline in older 
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adults and their link with possible changes in driving ability and suggested that motor control 
is of prime importance in situations where emergency manoeuvres are required, with older 
drivers likely to find it more difficult to plan and execute these tasks than younger drivers. 
The authors split their review into two broad sections of reaction time and movement time. 
Reaction time measures include the cognitive tasks required to plan and initiate a movement 
(i.e., response preparation, response selection, response programming, etc.), with movement 
time referring to the actual process of motor activity (i.e., acceleration and deceleration, 
coordination, and joint flexibility). The review investigated cross-sectional laboratory studies 
that quantified the differences between young adults and older adults and found increasing 
difficulties with these tasks as age increased.  
In terms of sensory-motor measures, Wood et al. (2008) found that postural sway, which had 
previously been found to be related to the risk of falling in older people, was a significant 
predictor of on-road driving score in a sample of cognitively-unimpaired drivers aged 70 and 
over. Innes et al. (2007) found that a computerized measure of tracking a moving line target 
with a steering wheel and reaction time for turning a steering wheel following presentation of 
a visual stimulus were predictors of on-road driving ability in a group of drivers with brain 
disorders (mostly stroke). Stav et al. (2008) found that the motor measure with the largest 
correlation with on-road assessment outcome for a mixed group of impaired and unimpaired 
drivers aged 65 and over was the time to walk ten feet and to turn around and walk back 
again. This measure was also retained in their final model for classifying on-road outcome 
alongside cognitive tests. 
Sensory-motor measures appear to have a relationship to driving ability in both cognitively-
impaired and unimpaired older drivers. Hence these measures could add predictive power 
over and above that afforded by cognitive tests and could be particularly useful in 
cognitively-unimpaired older drivers who are none-the-less subject to the process of normal 
ageing of the body.  
3.4 Personality Measures 
Relatively little research has questioned whether personality variables influence driving 
safety, and this research has primarily focused on young adult samples. A study with a mean 
sample age of 39 years found emotional stability, accepted level of risk, and social 
responsibility to be significant classifiers of on-road driving assessment outcome (Sommer et 
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al., 2008). In college students, low scores on the personality construct of conscientiousness 
and high scores on sensation-seeking have been associated with higher rates of both self-
reported and simulated risky driving behaviour (Schwebel et al., 2006). Schwebel et al. 
(2007) later examined drivers aged 75 and over and found that higher scores on sensation-
seeking were correlated with self-reports of higher numbers of driving violations and tickets 
(correlations ranging in size from .24 to .30). Unfortunately, no sensation-seeking scales 
specifically constructed for, or validated against, older adult samples could be found, which 
brings into question whether scales constructed for younger adults are valid to use in older 
adult samples. 
The propensity to become angry whilst driving is another personality trait that may affect 
driving safety. The Driving Anger Scale (DAS) is a self-report scale developed by 
Deffenbacher, Oetting, and Lynch (1994).  Higher scores on the 14-item short form of the 
DAS have been associated with increased self-reported risky driving behaviour in young 
adult samples (Deffenbacher et al., 2002; Deffenbacher et al., 2003; Dahlen & White, 2006). 
However, the relationship between DAS scores and negative driving outcomes in older 
drivers has not been investigated. 
3.5 Self-Reports of Driving Behaviour 
Reason et al. (1990) developed the Driver Behaviour Questionnaire (DBQ) to investigate 
whether reporting specific instances of mistakes and road rule violations on the road was able 
to identify drivers at higher risk for adverse driving events. This questionnaire asks about the 
frequency of occurrence of 24 driving behaviours over the previous 12 months. The 
behaviours fall into three subscales of lapses of attention, errors, and deliberate violation of 
road rules. Several studies have used this scale as a predictor of on-road driving. 
Endorsement of a greater number of items of the violation subscale has been associated with 
increased crash involvement in young adult samples (Parker et al., 1995; Sullman et al., 
2002). However, older drivers report fewer violations than younger drivers (Davey et al., 
2007). Parker et al. (2000) found a positive association between increased lapses and errors 
and a higher crash rate in drivers aged 50 and over. These authors suggest the scale may be 
useful in detecting declining cognition which leads to lapses in concentration indicative of a 
decline in driving safety, although further study is required to replicate this finding. 
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3.6 Driving Simulators 
Driving simulators seek to simulate a realistic and face-valid driving environment. The 
driving simulator environment has advantages over real-world driving in that specific driving 
situations can be presented that would be impossible in an on-road assessment, such as 
programming pedestrians or other vehicles to cross the path of the driver, or pre-determining 
the traffic density encountered during a drive. A major obstacle with the use of simulators is 
determining the extent of the relationship between errors performed on the simulation and 
errors performed in real-world driving situations. This is often not investigated yet is 
essential knowledge if simulators are to be used as a proxy for real-world driving 
assessments. Simulators can also be very expensive to purchase, with a 2004 New Zealand 
report (Bowens, 2004) stating the price for the System Technology Inc. (USA) STISIM 
Drive™ three-monitor driving simulator at US$59,000. Pricing is thus a restriction for the 
widespread use of advanced driving simulators as routine measures of driving ability. 
Feelings of dizziness or ‘simulator sickness’ are also a concern, with 9% of one older adult 
sample experiencing feelings of dizziness following completion of a simulated drive (Lee, 
Lee, & Cameron, 2003). Another study reported simulator sickness in 17% of participants, 
with older drivers more often affected than young (Brooks et al., 2010). This section does not 
purport to be detailed review of driving simulators, and presents research on three systems, as 
these focused on predicting driving ability in drivers with a neurological disorder: the 
Systems Technology Inc, Simulator (STISIM Drive™), DriVR™, and Virtual Reality 
Driving Simulator (VR-DR). 
3.6.1 STISIM Drive™  
The STISIM Drive (http://www.stisimdrive.com/) system consists of driving controls 
including a dashboard with steering wheel and indicator stalk, accelerator and brake pedals 
and one or more computer screens that display a realistic driving scenario which includes 
buildings, other vehicles, and pedestrians in a range of programmable driving scenarios 
(Systems Technology, 2010). The software is able to be run in a number of different 
hardware configurations including a scale-model vehicle cab, a simulated vehicle cab, as part 
of a modular desktop arrangement, or as a portable device using a laptop computer (Figure 
3-1). 
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Figure 3-1.  The STISIM Drive™ Training Simulator model M400 which includes three monitors which 
present a 135° driver field-of-view. Taken from http://www.stisimdrive.com/images/stisim/ 
content/ downloads/m400.pdf. 
 
The STISIM Drive has been used in a number of driving research projects, mainly conducted 
by Lee and colleagues at the School of Occupational Therapy at Curtin University of 
Technology, Perth, Australia. Using STISIM Drive with a single computer monitor screen, 
Lee, Lee, and Cameron (2003) found a moderate positive correlation (r  = 0.51) between age 
and reaction times in response to an on-road stimulus in 129 cognitively healthy drivers aged 
60-89 (mean age 72.9 years, 78% male). Using the same sample, Lee, Cameron, and Lee 
(2003) found that performance on STISIM explained 65.7% of the variance in on-road 
assessment performance. Further investigation of this same sample found that several 
measures recorded using the STISIM were related to experiencing a self-reported crash over 
the previous 12 months  (a one point increase in scores on the working memory, decision and 
judgment and speed compliance components were associated with decreased risk of a crash 
of 45%, 61% and 17% respectively) (Lee, Lee, Cameron et al., 2003). Two years following 
this assessment those who had received poorer scores in simulator indicator use and better 
scores on the working memory component had higher rates of traffic violations over this 
period (23% and 16% increases respectively) (Lee & Lee, 2005). The authors claim that a 
better score on the working memory component is a logical outcome “because drivers with 
good working memory and confidence tend to drive above the speed limit” (Lee & Lee, 
2005, p. 100). An independent pilot study of only 9 participants aged 67-78 found a 
significant correlation (r = -0.83) between lower error scores on the STISIM and failing an 
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on-road driving assessment (Freund et al., 2002). Another study reported that the 
performance of many errors performed in an on-road driving assessment did not differ 
significantly from those performed in a STISIM Drive course (Shechtman et al., 2009). In 
order to determine the predictive validity of the STISIM Drive, large-scale studies comparing 
performance on the stimulator to real-world outcomes such as crashes, traffic offences, or on-
road driving ability are required. 
3.6.2 DriVR™ 
DriVR is a PC-based system formerly marketed by Imago Systems of Vancouver, Canada. 
DriVR incorporates a steering wheel, foot pedals, and virtual-reality glasses (Liu et al., 
1999). A virtual environment is presented through the glasses with a 30-degree horizontal 
field of view that allows examinees to rotate their heads to scan left and right in the virtual 
environment. DriVR depicts driving scenarios with a number of programmed driving 
situations, such as driving down a street and pulling into a driveway. A number of 
quantitative measures are taken during an assessment, such as speed of travel, position within 
the lane, and avoidance of crashes. Qualitative measures can also be taken by the examiner, 
such as the number of head movements made to the left and right during the testing session. 
One study of 162 people aged from below 16 to above the age of 76 found that older drivers 
drove more slowly than younger participants and stopped at stop signs less frequently (Liu et 
al., 1999). Liu et al. (1999) also compared the performance of 17 people with brain injuries to 
age and sex-matched controls. They found the brain-injured group had significantly poorer 
scores on several DriVR measures compared to the controls. Only one study compared 
performance on the DriVR to real-world driving as measured by an on-road driving 
assessment (Wald et al., 2000). In this study, 28 participants with brain injury with a mean 
age of 40 years completed the DriVR course as well as two on-road assessments. Wald et al. 
(2000) found very small- to moderate-sized correlations (values ranged from 0.01 to 0.56) 
between several DriVR scores and various on-road driving scores in drivers aged 20-76 
(mean age of 40 years). The authors did not, however, provide p values for these 
associations, so it is unknown if any of the correlations were significant. There has been no 
research published on the DriVR since 2000, and the DriVR website no longer exists which 
suggests that the simulator may no longer be available. 
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3.6.3 Virtual Reality Driving Simulator (VR-DR) 
The VR-DR is a research driving simulator based in the Psychology Department of Drexel 
University, Philadelphia, and has been used in the study of the effects of brain injury on 
driving tasks (Schultheis & Mourant, 2001). The simulator consists of a head-mounted 
display unit that presents a computer-generated virtual-reality environment through which a 
participant drives using a steering wheel and foot pedals (see Figure 3-2). The head-mounted 
unit displays a 60° field of view at any one time which updates with head tracking to present 
a full 360° field of view. 
 
Figure 3-2.  The VR-DR simulator in use. Adapted from Schultheis et al. (2007). 
 
The simulated drive is around 30 minutes in length and presents a variety of different driving 
scenarios for the examinee to navigate as well as challenges such as avoiding a pedestrian 
who suddenly crosses the road. A study examined user ratings of the VR-DR in 33 
participants with acquired brain injury (61% had a moderate to severe TBI with the 
remainder having had a stroke) and 21 healthy controls, all aged less than 68 years with a 
mean age of 41.7 years (Schultheis et al., 2007). The brain-injured participants provided a 
lower overall rating for the ease of use of the VR-DR. Another study looked at reactions 
related to stopping at stop signs in a sample of 15 adults with brain injuries (67% with 
moderate to severe TBI and the remainder with stroke) and 9 healthy controls (Schultheis et 
al., 2006). Both groups showed improvements in appropriate stopping procedures (such as 
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the distance from the sign and coming to a complete stop), with a trend for the brain injured 
group to perform slightly less well than the controls. No published studies have compared the 
VR-DR to real-world driving through driving records or on-road assessment ratings, and 
none have investigated its use with older drivers or drivers with cognitive impairment due to 
MCI or dementia. 
3.7 Computerized Assessment Systems  
Computerized driving assessments seek to measure the underlying sensory-motor and/or 
cognitive processes that mediate a person’s ability to drive but, unlike driving simulators, 
they do not purport to create a realistic visual representation of a driving environment. This 
review focuses on four of the more commonly reported off-road computerized systems: the 
Elemental Driving Simulator, the Useful Field of View®, DriveABLE™, and Sensory-motor 
and Cognitive Tests™.  
3.7.1 Elemental Driving Simulator (EDS) 
The EDS was developed by Gianutsos (1994) and took over from its forerunner the Driving 
Advisement System (Gianutsos et al., 1992). The EDS focuses on the cognitive factors that 
affect driving safety in people who have experienced brain injury. The hardware of the EDS 
consists of a computer with monitor, steering wheel, turning indicator stalk mounted on the 
steering wheel, and foot pedals (see Figure 3-3). Software runs in the DOS operating system. 
The EDS testing protocol begins with the examinee asked to self-rate how well they think 
they will perform a number of driving-related tasks. This is followed by three subtests that 
measure pursuit tracking with the second and third tests adding a measure of reaction time 
and then choice reaction times respectively (the indicator stick is move up or down to select 
the side of the screen where a face shaped stimulus is flashed). The most recent version of the 
EDS was released in 2004.  
The developers of the system compared performance on the EDS in three different 
participant groups: 50 ‘normative’ drivers (mean age 41 years), 1,145 older drivers from the 
community (mean age 69 years), and 85 people referred for driving rehabilitation due to 
brain injury, stroke, or developmental neurological conditions (mean age 37 years) 
(Gianutsos, 1994). Unfortunately, only the sample referred for driving assessment completed 
an on-road assessment, where each was rated as pass or fail. 
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Figure 3-3.  The EDS Portable Inclusive System showing computer, steering wheel with indicator stalk to 
the left, and foot pedals. 
 
Results on the EDS system are presented by the authors only in graphical format with the 
‘normative’ drivers showing the best scores for the four groups. Gianutsos notes that all 
members of this group completed the EDS assessment but that not all members in the other 
groups did, although the numbers and reasons for non-completion are not reported. Referrals 
who passed the on-road test generally performed better across measures than the group who 
failed, although the sample of older drivers did nearly as poorly as the referral grouped who 
failed the on-road assessment on all but one measure. Gianutsos claims the EDS is a useful 
system for detecting those with unsafe driving, but this cannot be substantiated since only the 
neurological group completed an on-road driving assessment. Also, the scores on the EDS 
were very similar between the older driver group and the neurological disorder group who 
went on to fail an on-road assessment, suggesting that the EDS may over-report that older 
drivers are unsafe.  
An independent Australian and New Zealand joint study of driving assessment for drivers 
aged 80 and over reported that 16% of their sample found the EDS too difficult to complete 
(Monash University Accident Research Centre, 2004). There were also no significant 
associations found between the outcome measures of the EDS and on-road driving 
performance. These outcomes, as well as technical difficulties with the system, led to the 
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EDS being dropped from further analysis for the study. On the basis of this evidence, the 
EDS would not be considered a useful screen for determining whether an individual is likely 
to pass or fail an on-road driving assessment. 
3.7.2 Useful Field of View® (UFOV) 
The UFOV was designed to detect the capacity of a person’s preattentive processing (Owsley 
et al., 1991). Preattention processing is described as working at a parallel (versus serial) level 
and is designed to capture and direct a person’s attention to salient visual stimuli. The UFOV 
is different from visual field as measured by clinical perimetry but is dependent on the visual 
field in order for stimuli to be perceived. The authors devised three subtests to assess 
different mechanisms that can each restrict a person’s useful field of view: slowing of 
information processing, impaired ability to divide attention, and impaired ability to ignore 
visual distractors. The three subtests all require that the examinee fixate their vision on a 
central stimulus presented on a computer screen and make a binary decision about that 
stimulus (i.e., whether two presented symbols match or not), with the first test being a simple 
reaction time test that is used as a baseline measure for the following two tests. The divided 
attention subtest requires that the examinee simultaneously report the location of another 
stimulus on the periphery of the screen while completing the central task. The distractors test 
further clutters the visual array with distracting stimuli while the other tasks are performed.  
Lower scores on the UFOV have been associated with an increased likelihood of having a 
crash in older drivers, both retrospective to the assessment (Owsley et al., 1991; Ball et al., 
1993; Sims et al., 1998; Ball et al., 2006) and in the three years following it (Owsley et al., 
1998). However, two other studies did not find the UFOV useful in classifying those who had 
self-reported crashes compared to those who had not (De Raedt & Ponjaert-Kristoffersen, 
2000; Hoffman & McDowd, 2010). Two studies found the UFOV a useful predictor of 
prospective driving cessation in older drivers over three years (Ackerman et al., 2008) and 
ten years (Edwards, Bart et al., 2009). The UFOV has also been investigated in terms of on-
road driving assessment outcome, with three studies finding it was a significant predictor (in 
addition to other measures within the same model) to classify those older drivers who went 
on to perform more errors in an on-road assessment (De Raedt & Ponjaert-Kristoffersen, 
2000; Whelihan et al., 2005; Uc et al., 2009), and one study finding it useful in classifying 
on-road fails (Stav et al., 2008). One study, however, did not find the UFOV useful in 
classifying on-road driving errors in a group of drivers with Alzheimer’s dementia (Dawson 
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et al., 2009), and another study did not find it useful for predicting driving score in a  sample 
of healthy drivers aged 70 and over (Wood et al., 2008). 
Duchek et al. (1998) found that people with a Clinical Dementia Rating of 1 (mild dementia) 
had difficulty completing the UFOV, and suggested that a simplified version may be needed 
for this population. Another problem is that Ball et al. (1988) found that participants could 
improve their performance on the UFOV with practice, and that the effects lasted as long as 
six months. No studies have investigated whether training on the UFOV corresponds with 
safer driving practice.  
Substantial research on the UFOV suggests it could be a useful measure for detecting people 
with possible driving impairments, with several studies finding that the divided attention 
subtest (subtest 2) is the most useful UFOV measure (Owsley et al., 1998; Ball et al., 2006; 
Edwards, Bart et al., 2009). However, its difficulty with persons with dementia is an 
impediment to its use for higher risk groups of older drivers who likely contain a substantial 
percentage of people with cognitive disorders. 
3.7.3 DriveABLE™ 
DriveABLE Assessment Centres Inc. is a Canadian company founded by Allen Dobbs 
following research to develop an off- and on-road driving assessment protocol for medically-
impaired drivers (Dobbs, 1997). The DriveABLE assessment consists of both off- and on-
road testing components. The off-road component is called the DriveABLE Cognitive 
Assessment Tool, which consists of a series of tests of memory, attention, reaction times, and 
judgment which are performed using a touch sensitive computer screen or by pushing a 
button (Dobbs, 2005; DriveABLE™, 2011). Raw test results are sent electronically to the 
DriveABLE centre in Alberta, Canada, with performance scored and a predicted probability 
of failing the on-road assessment sent back, along with a predicted trichotomous rating of 
pass, fail, or indeterminate for on-road performance. Only those with an indeterminate rating 
are recommended to complete the standardized on-road test. The results of the on-road test 
are also scored according to a DriveABLE algorithm, with a possible outcome of 
recommended pass, borderline pass, and recommended driving cessation returned to the 
assessor. DriveABLE is currently used in 76 locations, mostly in the US and Canada, with 
one assessment centre each in Australia and New Zealand (DriveABLE™, 2011). 
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The algorithms for determining outcome scores were based on the recruitment and testing of 
a group of drivers with dementia (n=176) and two control groups, one of drivers aged 55 and 
over (n=70), and one of younger drivers (n=33) (Dobbs, 1997, 2005). Errors performed on-
road were compared between groups, with the dementia group defined a-priori as ‘unsafe’ 
due to the increased driving problems found in people with dementia, and the other two 
groups defined as safe. Researchers then developed a list of errors present primarily in the 
dementia group and defined these as the errors both off- and on-road that would be used to 
determine driving safety. While the results of the initial and validation testing have not been 
published by Dobbs, a summary can be found in a U.S. Department of Transportation report 
(National Highway Traffic Safety Administration, 1999). This report shows that 431 drivers 
were recruited for the validation study. 67% of the sample were assigned a rating of pass or 
fail for the off-road assessment, with the remaining one third of the sample recommended for 
on-road assessment (presumably the on-road assessors were blinded to off-road testing 
results, but this information is not provided). The report says that the screen was 94% 
accurate in classifying pass and fail outcomes, but it should be noted that since only 67% of 
the sample were given a pass or fail rating the actual classification rate is 94% of 67%, or  
63% overall accuracy of classification. 
Korner-Bitensky and Sofer (2009) found that 67% of a sample of 52 drivers referred for 
medical driving assessments were correctly predicted as ‘recommend cessation’, 
‘indeterminate’ , and ‘no evidence of reduced competence’ by the DriveABLE off-road 
assessment relative to blinded DriveABLE on-road assessment scores of pass, borderline 
pass, or fail. The authors then dichotomized their off-road results into those who had a 
predicted fail, and those who had an indeterminate score or pass recommendation, and 
dichotomized their on-road results into fail, and borderline pass and pass outcomes. They 
found sensitivity for detecting fails of 76% (32 of 42 on-road fails recommended as fails in 
the off-road assessment) and a specificity of 90%. The positive predictive value was 97% (of 
the 33 participants for whom cessation was recommended, 32 failed the on-road test) and a 
negative predictive value of 47% (of the 19 participants who were classified as 
‘indeterminate’ or ‘no evidence of reduced competency’ nine passed the on-road assessment). 
The authors note these positive and negative predictive values reflect the rate of fails and 
passes in the sample, and the high rates of fail scores in their sample (81%) would have 
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affected these results. They recommended that others replicate their study to determine the 
stability of these values. 
One other major study of the DriveABLE off-road prediction was performed for the 
Australian and New Zealand Austroads study (Monash University Accident Research Centre, 
2004). This study did not use the DriveABLE on-road assessment but used the predicted 
probability of off-road outcome (a score between 0.0 and 1.0 for each participant) relative to 
pass or fail outcomes on their own on-road driving assessment. When classifying their pass 
and fail on-road outcomes and using the cut-point with the highest average of sensitivity and 
specificity, this study found a sensitivity for classifying fails of 65.3%, a specificity of 
57.9%, a positive predictive value of 35.6% and a negative predictive value of 82.4%. This 
study had a much lower fail rate than the Korner-Bitensky and Sofer study (2009) (36%) and 
comprised 300 cognitively-healthy older drivers aged 80 and over. These are likely two 
reasons for the lower classification in this group.  
DriveABLE is a difficult system with which to perform an independent study as it is reliant 
on scoring by the DriveABLE company and subtest scores cannot be examined for their 
individual relationships to on-road outcome. There is little detailed published research by the 
developer, and measures of sensitivity and specificity quoted are inflated due to exclusion of 
the results of those rated as indeterminate on the off-road assessment. Perhaps the primary 
limiting factor for DriveABLE is the automatic rating of drivers with dementia in the training 
data set as unsafe and the implicit acceptance of all errors performed by non-demented driver 
as safe. This is in contrast to recruiting a mixed sample of drivers with and without cognitive 
impairment and determination of the errors which are related to unsafe on-road performance 
on the basis of on-road outcome, whether that includes cognitively-unimpaired drivers or not. 
Dobbs (2005) explicitly states that only older drivers with medical conditions should be 
considered for driver assessment, and has been careful to define the differences in driving 
errors between cognitively-impaired and unimpaired older drivers (Dobbs et al., 1998; Dobbs 
et al., 2004). Essentially, the algorithm is weighted to penalize drivers with cognitive 
impairment and to pass those without. Thus, the prediction is not as useful for detecting 
which drivers with cognitive impairment are safe and which are not, unless the aim is to only 
pass those safe drivers with cognitive impairment whose driving behaviour is 
indistinguishable from those drivers without cognitive impairment. This would effectively 
CHAPTER 3 - Off-Road Assessment and Prediction of On-Road Driving 
 
 41 
mean the removal of licences for all people exhibiting the first signs of cognitive impairment 
due to dementia, stroke, head injury, and other causes. 
3.7.4 Sensory-motor and Cognitive Tests™ (SMCTests™) 
SMCTests™ is a battery of sensory-motor and cognitive tests developed by researchers from 
Christchurch and Burwood Hospitals, the Van der Veer Institute for Parkinson’s & Brain 
Research, University of Otago, and University of Canterbury as a clinical research tool with 
application in the assessment of patients with neurological disorders and in ageing 
(Christchurch Neurotechnology Research Programme, 2006; Innes, Jones, Anderson et al., 
2009). SMCTests has been tailored into the semi-portable Canterbury Driving Assessment 
Tool (CanDAT™) which comprises a laptop computer, a separate colour screen to display 
test stimuli, a steering wheel with two indicator levers (one on the left and one on the right), 
and a set of pedals with accelerator and brake, and an optional clutch pedal. Tests include 
measures of visuospatial function (Jones & Donaldson, 1995), visuoperception (Jones & 
Donaldson, 1995), reaction times of arms and legs, ballistic movement of arms, tracking 
(Jones & Donaldson, 1986; Jones, 2006), decision-making, visual search, complex attention, 
impulse control, and planning (Innes et al., 2007; Innes, Jones, Anderson et al., 2009). The 
full battery takes around an hour to complete depending on the level of impairment. The 
SMCTests battery is currently used in several occupational therapy practices in New Zealand 
as part of medical driving assessments, mostly in the form of the CanDAT, but with one 
centre using the system in a modified car body (Figure 3-4).   
 
Figure 3-4.  The modified car body used to run SMCTests pictured left. Test stimuli are projected onto 
the white wall in front of the machine. The semi-portable CanDAT apparatus is pictured right. 
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A clinical study investigating driving ability in 501 people with brain disorders used 
SMCTests to correctly predict 76% of referrals as on-road Pass or Fail relative to a blinded 
on-road driving assessment carried out at the Driving and Vehicle Assessment Service 
(DAVAS) at Burwood Hospital (Innes et al., in press). Compared to the other computerized 
tests described above, SMCTests provides on face value a more detailed account of sensory-
motor function in examinees. While DriveABLE can measure reaction times, it cannot assess 
movement time and velocity of arm movements. The EDS systems utilizes tracking using a 
steering wheel, but also does not measure velocity and movements times of the arms. The 
UFOV also measures reaction times, but again does not measure velocity of arm or leg 
movements.  
3.8 On-Road Assessment and Real-World Driving Outcomes 
The rationale behind on-road driving assessments for experienced drivers is that behaviours 
observed during the assessment are indicative of driving behaviours that are performed in 
real-world driving. That is, a person who appears to have a lack of awareness for other road 
users is assumed to have this problem when driving on their own and that it puts them at 
increased risk for negative driving outcomes. While this may seen face evident, there is little 
evidence to substantiate this claim as drivers who fail on-road driving assessments are 
usually prevented from driving and, hence, unable to be followed to determine if they have 
more negative driving outcomes than drivers who pass on-road assessments.  
Only one study was found that prospectively followed the crash outcomes of a group of 
ostensibly healthy older drivers following both pass and fail outcomes on an on-road test. An 
Australian study  followed 266 older drivers from a population-based sample for 12 months 
following an on-road driving assessment, with participants providing monthly self-reports of 
crashes over this period (Anstey et al., 2009). The authors found no increase in the incidence 
of self-reported crashes for drivers who had received a score in the Fail range of an on-road 
driving assessment. However, only 6% of drivers scored in the Fail range on the on-road 
assessment which would have limited the power for finding a significant increase in crashes 
for the Fail group. 
A New Zealand study prospectively followed the incidence of police-reported injury crashes 
in a population sample of over 39,300 drivers aged 80 and over following pass scores 
obtained on an on-road driving test (Keall & Frith, 2004a). The test was administered under 
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driver licensing laws (now defunct) that required adults aged 80 and over to pass biennial on-
road driving tests. There was no limit to the number of times drivers could sit the test in order 
to secure a passing grade which provided a rare opportunity to determine whether drivers 
who failed one or more on-road assessments (but who eventually passed) were more likely to 
experience adverse driving events in the following two years. Seventeen percent of the 
sample failed the on-road test at least once before receiving a pass grade and the risk of 
involvement in a crash in the following two years rose 33% for each time the test was re-sat. 
Unfortunately, the study tells us nothing about the 5% of drivers who never passed the on-
road assessment and therefore did not have their licences renewed. The study also had no 
information about the presence of cognitive impairment and other medical problems in the 
sample.  
Data provided in the Keall and Frith study was sufficient for a phi correlation coefficient to 
be calculated to determine the effect size difference in rates of crashes of the on-road 
assessment of the group with at least one fail compared to the pass group. To calculate the 
phi coefficient, the study data were dichotomized into those drivers who passed their on-road 
test on the first administration (32,358 people) versus those who sat two or more on-road 
tests before receiving a passing grade (6,943 people) with rates of serious crashes compared 
between the two groups, see Table 3-1.  
Table 3-1.  Number of people in Keall and Frith’s (2004a) study divided into those who passed and failed 
their first on-road test and those who went on to have a Police-recorded crash over the following 24 
months 
 24-month police-recorded crash involvement 
First on-road test No Yes Totals % who had a crash 
Fail 6863 80 6943 1.2% 
Pass 32135 222 32357 0.7% 
Totals 38998 302 39300 0.8% 
 
Drivers who failed one or more tests were significantly more likely to have a crash in the 
following 24-months than drivers who passed on the first test administration (Fisher’s Exact 
Test two-tailed, p < .001). The phi coefficient, however, was very small at rφ = 0.02. Due to 
their extremely large sample size, Keall and Frith were able to find a significant, but very 
small, association between failing on-road tests and later crashes.  
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A major problem with on-road driving assessments is that most driving assessors do not use 
standardized scoring and do not use pre-determined cut scores for assigning pass or fail 
ratings. Korner-Bitensky et al. (2006) surveyed the driving assessment methods of 144 
American and Canadian driving assessors. Ninety-four percent of respondents routinely used 
on-road assessments as part of their evaluation yet only 24% used a standardized scoring 
system and only 10% used a pre-defined cutoff score to define driving competency. Only two 
respondents reported using a standardized road test. Some standardized assessments have 
been tested for inter-rater and test-retest reliability, with the former usually found to be 
moderate to high, and the latter in the moderate range (Hagge, 1994; Fitten et al., 1995; 
Romanowicz & Hagge, 1995; Hunt et al., 1997; Janke & Eberhard, 1998). Investigations into 
the validity of standardized road tests have found some associations to real-world crashes or 
infringements (Fitten et al., 1995; Romanowicz & Hagge, 1995; Keall & Frith, 2004a), 
although due to the low base rates of crashes in particular, power is low for detecting 
statistically significant associations. Other methods to test on-road assessment validity have 
been based on finding differences in group performance in expected directions, such as 
differences in error scores or Pass and Fail results between novice and experienced drivers 
(Hagge, 1994; Romanowicz & Hagge, 1995).  
A major reason for not using standardized scoring is the flexibility that a non-standardized 
format allows an assessor in drawing on their often considerable clinical experience in 
deciding whether a person is a safe driver. For example, a standardized route cannot be used 
when an assessment is performed from a person’s home and in their local area because they 
only use their car once a week to do the grocery shopping and to attend doctor’s 
appointments. A standardized scoring system also misses the full range of factors influencing 
the outcome of an assessment. For example, missed appointments may indicate a memory 
problem, and the impact of confusion may be a strong indicator of unsafe driving that cannot 
be simply expressed in a checkbox rating. This flexibility may be particularly important when 
assessing people with cognitive impairment or dementia due to the idiosyncratic way 
impairments affect the abilities of individuals. We believe, however, that it is important that 
at least some standardization takes place in order that judgments made between drivers and 
between assessors are as equitable as possible.  
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3.9 Summary 
Researchers have explored a range of methods to measure the cognitive and sensory-motor 
processes that underlie driving, and to find measures that discriminate between those judged 
as safe or unsafe drivers. Cognitive measures alone have not produced models strong enough 
to make judgments of driving safety based on their outcomes alone, perhaps because the 
over-learned procedural task of driving does not correlate well with specific measures of 
cognitive domains. There are also some promising sensory-motor measures, such as the rapid 
pace walk, that could be assessed in future studies. There is little current evidence that 
personality measures could be useful to predict driving in older adults, but their ease of 
inclusion in studies would recommend them as potentially useful measures for future 
research. 
Driving simulators have advantages over real-world on-road testing of being able to present 
driving situations that cannot be performed in real-world driving scenarios. Further research 
is needed, however, to demonstrate their ability to differentiate between drivers who would 
be considered safe and unsafe either through on-road driving assessment or through records 
of crashes and traffic offences. Computerized assessments require the same kind of studies 
required of simulators in order to show that their outcomes are related to real-world driving, 
and both simulators and computerized assessments need to be more thoroughly tested with 
cognitively-impaired and unimpaired older drivers to determine if a reasonable percentage of 
examinees are able to understand and complete the assessments. As with all off-road 
assessments, driving simulators and computerized tests are safe as they do not involve 
exposure to risk through actual on-road driving. 
In order to find the best predictors of driving ability, it is necessary to include a broad range 
of possible predictors from multiple domains. It could be that a combination of measures 
from different domains provide increased predictive power over focusing on a single domain 
such as cognition or personality. A combination of cognitive measures, sensory-motor 
measures, and personality factors could provide a more comprehensive understanding of 
driving than sticking to single domains, as all these measures have shown some degree of 
relationship to on-road outcomes. 
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CHAPTER 4 - 
Study Hypotheses 
The primary aim of the three studies described in this thesis was to find predictors of the 
ability to Pass or Fail an on-road driving assessment in (1) a group of cognitively-unimpaired 
older drivers and (2) a group of drivers with mild cognitive impairment or Alzheimer’s 
dementia. Given that cognitively-unimpaired drivers in the first study would suffer no 
consequences for failing the on-road assessment we were in the position to be able to follow 
this group of drivers to determine whether there was any relationship between measures 
taken at the baseline assessment or the Pass/Fail outcome of the assessment and whether 
participants went on to experience negative driving outcomes over the following few years.  
The hypotheses for each of the three studies are presented below and follow on from the 
literature reviews in Chapter 2 and Chapter 3. 
4.1 Healthy Older Drivers Study 
The primary aim of the Healthy Older Drivers study was to measure the association between 
off-road measures of cognitive testing, personality factors, and sensory-motor testing and on-
road assessment Pass and Fail outcomes. Following this, measures most associated with Pass 
and Fail outcome were to be offered to a binary logistic regression model in order to find the 
most parsimonious group of measures to classify on-road outcome. The classification model 
formed was then to be tested using leave-one-out cross-validation to determine the stability 
of the model and how likely it would be to generalize to a new sample. In addition to these 
major goals of the study, specific hypotheses were investigated. 
4.1.1 Hypothesis 1 
Gap in the Literature: No previous study had investigated the ability of SMCTests to aid in 
the prediction of on-road driving assessment outcome in cognitively-unimpaired older adults. 
There are also no other computerized tests of driving ability that encompass the breadth of 
sensory-motor testing offered by SMCTests. 
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Hypothesis: A combination of standard cognitive tests and SMCTests measures will provide 
on-road Pass and Fail accuracy statistics higher than that achieved by previous studies. 
Rationale: All older drivers are affected by the physical changes which occur as part of 
ageing (as described in Section 2.4.1). Most studies of older drivers concentrate on cognitive 
changes that could predict unsafe driving, with few having sensory-motor measures other 
than simple reaction time of the upper limb or limbs. SMCTests includes a variety of reaction 
and movement time measures of both upper and lower limbs, as well as measures of 
maximum velocity achieved. These additional visuomotor, coordination, and visuospatial 
sensory-motor measures in combination with standard and computerized cognitive measures 
may provide an off-road driving assessment with a higher accuracy for classifying 
participants into on-road assessment Pass and Fail groups, particularly for older adults 
without manifest cognitive impairment but who are still subject to the physical changes 
associated with ageing. 
Significance: Finding a combination of tests that predict driving ability in cognitively-
unimpaired older drivers would allow for more certainty in the recommendation of continued 
driving currently performed by general practitioners. A screen for possible impairments could 
alert general practitioners to drivers who could benefit from a comprehensive driving 
assessment. This would lead to fewer unsafe older drivers on the road. 
Study design (Chapter 6): 60 drivers aged 70 and over will be recruited to complete a 
selection of standard cognitive tests and a subset of SMCTests measures. All participants will 
complete an on-road driving assessment administered by a driving specialist occupational 
therapist and a driving instructor, and will be assigned a Pass or Fail rating and a score on a 
0-10 driving scale. A binary logistic regression model will be formed to classify participants 
into Pass and Fail groups, with the model then tested using leave-one-out cross-validation to 
simulate the stability and predictive power of the model in an independent test set. 
4.1.2 Hypothesis 2 
Gap in the Literature: No previous studies have investigated the ability of the Driving 
Anger Scale to predict on-road driving ability in a group of cognitively-unimpaired older 
drivers. 
Hypothesis: Participants with higher scores on the Driving Anger Scale are more likely to 
Fail an on-road driving assessment.  
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Rationale: Higher levels of driving anger have been associated with increased negative 
driving outcomes in younger adults (see Section 3.4) although the scale has not been used in 
a sample of older adults. 
Significance: If higher scores on the Driving Anger Scale are associated with poorer scores 
on the on-road driving assessment then the scale could be a potentially useful screening tool 
for determining which cognitively-healthy older drivers may be at risk for negative driving 
events. 
Study design (Chapter 6): Same as for Healthy Older Drivers Hypothesis 1. 
4.2 Healthy Driver Follow-Up Study 
The primary aims of the Healthy Driver Follow-up study were to measure the association 
between on-road Pass and Fail outcomes and scores on initial testing conducted for the 
Healthy Older Drivers study and subsequent rates of crashes and traffic offences. We were 
also interested in changes in driving behaviour over the two-year follow-up, and whether 
aspects of medical conditions were related to crashes and offences. These goals along with 
some additional hypotheses are listed below.   
4.2.1 Hypothesis 3 
Gap in the Literature: Only two previous studies (Keall & Frith, 2004a; Anstey et al., 2009) 
have followed the real-world driving of older drivers following an on-road driving 
assessment as discussed in Section 3.8. Only one study (Anstey et al., 2009) followed people 
who had failed the assessment. In both studies the dependent variable was crashes, which are 
a low base-rate driving outcome. 
Hypothesis: Drivers who fail an on-road driving assessment will have a greater incidence of 
crashes and traffic offences over the following years than those who pass. 
Rationale: Drivers who fail an on-road assessment have necessarily demonstrated driving 
behaviours which are considered by the assessor to be dangerous and likely to mean that the 
examinee will go on to have negative driving outcomes in real-world driving. We would 
expect then that drivers who fail the assessment would have more negative driving outcomes 
than drivers who passed. 
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Significance: Due to the few studies that have been able to follow drivers who have failed an 
on-road assessment, a finding that fail scores are associated with an increase in negative 
driving outcomes would go some way towards validating the use of on-road driving 
assessments in cognitively-unimpaired older drivers. A positive association between fail 
scores and subsequent crashes and traffic infringements would demonstrate that even 
cognitively-unimpaired older drivers can display driving behaviours indicative of future 
adverse driving events. 
Study design (Chapter 7): Drivers in the Healthy Older Driver study will be followed for 
two years with annual interviews regarding their driving behaviour and self-reported history 
of crashes and traffic offences over the previous 12 months. Official records of crashes and 
traffic offences will also be obtained, with self- or officially-reported crashes and offences 
making up the binary variable of crash or offence or no crash or offence. 
4.2.2 Hypothesis 4 
Gap in the Literature: Previous research has found various cognitive measures that are 
related to driving outcomes but few studies have followed participants prospectively over 
time to see if these measures predict real-world driving outcomes.  
Hypothesis: Poorer performance on standard cognitive measures are associated with 
increased crashes and traffic offences over the following years. 
Rationale: Poorer performance on cognitive tests could indicate the presence of as yet 
undetected cognitive impairment. LaFont et al. (2008) found a relationship between eventual 
dementia diagnosis and self-reported crashes up to seven years before the diagnosis. This 
indicates that cognitive changes may impact driving behaviour even before the impairment is 
great enough to warrant diagnosis.  
Significance: Finding a cognitive measure or measures that can predict real-world driving 
outcomes over a prospective two-year period would be useful for inclusion in screening for 
driver safety. An indicator of possible real-world driving outcomes coupled with an 
indication of reduced likelihood of passing an on-road assessment could be a powerful 
indicator that more comprehensive driving assessment is required.  
Study design (Chapter 7): Same as for Healthy Driver Follow-Up Hypothesis 3. 
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4.2.3 Hypothesis 5 
Gap in the Literature: The ability of SMCTests to predict real-world negative driving 
outcomes is unknown.  
Hypothesis: Poorer performance on SMCTests measures are associated with increased 
crashes and traffic offences over the following years. 
Rationale: As with the rationale for Hypothesis 4, decrements in cognitive and sensory-
motor performance may be predictive of future negative on-road outcomes even before the 
presence of a cognitive disorder is apparent. 
Significance: As with Hypothesis 2, early detection of potential predictors of negative 
driving outcome could form part of a screening assessment to determine whether a driver is 
in need of additional assessment. 
Study design (Chapter 7): Same as for Healthy Driver Follow-Up Hypothesis 1. 
4.2.4 Hypothesis 6 
Gap in the Literature: Only one study has investigated the relationship between self-
reported lapses, errors, and breaking of road rules and the relationship to driving in older 
adults (Parker et al., 2000) and the outcome variable was self-reported crashes in the five 
years prior to the study. No study has looked at the relationship between these self-reported 
driving behaviours and prospective crashes or traffic offences. 
Hypothesis: Drivers who report a higher number of driving lapses or errors on the Driver 
Behaviour Questionnaire over the immediate years following an on-road driving assessment 
will be more likely to have had a crash or traffic offence. 
Rationale: As discussed in Section 3.5, self-reported driving behaviours, particularly errors 
and lapses, have been shown to be related to self-reported crashes in older drivers. This is in 
contrast to other studies which have found violations to be the biggest predictor of crashes in 
younger drivers. As Parker et al. (2000) suggest, this could be an indication of changes in 
cognition which make lapses of attention more of a problem for older drivers.  
Significance: A questionnaire that aids in the prediction of on-road driving outcomes would 
be useful for inclusion in screening tests for older adults. Finding an association between 
errors or lapses of attention and the incidence of crashes and offences could also replicate 
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Parker et al.’s findings and suggest that ageing leads to the perpetration of errors for differing 
reasons than it does in younger drivers. This could reinforce the need for specific driving 
assessment of older drivers that are not based on detection of the violation of road rules but, 
rather, lapses of attention which can lead to crashes. 
Study design (Chapter 7): Same as for Healthy Driver Follow-Up Hypothesis 3. 
4.2.5 Hypothesis 7 
Gap in the Literature: Few studies have investigated the impact of medical illness on 
driving, largely due to the difficulties imposed by individual responses to illness and the 
unpredictable effects of comorbidity.  
Hypothesis: Drivers who report experiencing more distress associated with medical 
conditions are more likely to have crashes or traffic offences over the following years. 
Rationale: Molnar et al. (2007) found that older drivers who reported being bothered a great 
deal by diabetes were more likely to have a crash history. This suggests that subjective 
distress caused by medical conditions may be a useful predictor of driving ability, perhaps 
beyond the simple presence of illness itself. Due to the complex nature of how illness and 
comorbidity affect individuals, a measure of subjective distress may work well as a measure 
of the functional impact of illness. 
Significance: There is great difficulty in determining the extent to which medical conditions 
affect driving aside from some main effects found for certain conditions such as the presence 
of heart disease linked with driving problems (McGwin et al., 2000; Sagberg, 2006). With 
little evidence available to suggest the impact of medical illness, and none to guide decision-
making around the effects of comorbidity, an inquiry into the stress related to medical 
conditions would provide a useful way to determine the increased risk of an older driver. 
Study design (Chapter 7): Same as for Healthy Driver Follow-Up Hypothesis 3. 
4.3 Dementia and Driving Study 
The Dementia and Driving study (Chapter 8) aimed to find off-road predictors of on-road 
assessment Pass and Fail outcomes in a group of drivers referred to the Driving and Vehicle 
Assessment Service at Burwood Hospital due to diagnoses or suspected diagnoses of 
dementia, cognitive impairment, or memory problems. Measures included an extended 
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cognitive test battery, questions about medical conditions and sensory-motor testing. The 
classification model formed was then to be tested using leave-one-out cross-validation to 
determine the stability of the model and estimate how accurately it would generalize to a new 
sample. In addition to these major goals of the study there were several specific hypotheses 
investigated. 
4.3.1 Hypothesis 8 
Gap in the Literature: There is no current study into the ability of SMCTests in combination 
with standard cognitive tests to aid in the prediction of on-road driving assessment outcome 
in drivers with mild cognitive impairment or Alzheimer’s dementia. There are also no other 
computerized tests of driving ability that encompass the breadth of sensory-motor testing 
offered by SMCTests. 
Hypothesis: A combination of standard cognitive tests and SMCTests measures will provide 
on-road Pass and Fail accuracy statistics higher than that achieved by previous studies. 
Rationale: Mild cognitive impairment and dementia are identified by progressive 
deterioration in cognitive abilities as discussed in Section 2.3. As part of the normal ageing 
process a number of sensory and motor skills decline (see Section 2.2) which could have 
implications for driving ability. While cognitively-healthy older drivers may be able to adapt 
their driving to the changes associated with normal ageing, it is less likely that a cognitively-
impaired driver will be able to do so. Therefore we may expect to see that sensory-motor 
measures, such as those measures using SMCTests, are useful additions to a predictive model 
of on-road driving assessment performance. 
Significance: All drivers with dementia will need to stop driving at some point and there is 
no general consensus regarding which cognitive or sensory-motor processes are the most 
important to aid in determining when cessation should occur. With the expected increase in 
the number of adults with cognitive impairment in the coming decades, off-road predictors of 
driving ability will become increasingly important. 
Study design (Chapter 8): 60 participants will be recruited from consecutive referrals to the 
Driving and Vehicle Assessment Service at Burwood Hospital, Christchurch. All will have 
been referred with diagnosed or suspected Alzheimer’s dementia, mild cognitive impairment, 
nonspecific cognitive impairment, or memory problems. All will complete standard off-road 
testing with SMCTests and an on-road driving assessment. A subgroup of these drivers will 
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complete additional extensive cognitive testing and provide additional information about 
their driving behaviour. This subgroup of participants will be diagnosed as MCI or 
Alzheimer’s dementia on the basis of cognitive testing and reports of impairment in activities 
of daily living by family members or close friends. Measures will be used to construct 
models of Pass and Fail outcome on the on-road driving assessment. 
4.3.2 Hypothesis 9 
Gap in the Literature: No study has investigated the impact of stress related to medical 
illness on a group of driving with mild cognitive impairment and dementia. 
Hypothesis: Drivers with MCI or Alzheimer’s dementia who report experiencing more 
distress from medical conditions will be more likely to receive a fail score in the on-road 
driving assessment. 
Rationale: Both MCI and dementia are neurological disorders, making any additional 
medical illness a candidate for the interactive negative affects of comorbidity. Distress 
related to other medical illnesses may impact the driving of people with MCI and dementia 
who are already at increased risk of experiencing problems with driving. 
Significance: As stated in Hypothesis 8, the growing number of older drivers with cognitive 
disorders will put extra burden on the health system in deciding which drivers are likely to be 
unsafe drivers. Finding a relationship between bother caused by medical illness and unsafe 
driving in this group could be a useful predictor that could be incorporated into decisions 
regarding driving assessment and cessation for this patient group. 
Study design (Chapter 8): Same as for Dementia and Driving Hypothesis 8. 
4.3.3 Hypothesis 10 
Gap in the Literature: In New Zealand there is no standardized on-road assessment for 
determining whether a driver with cognitive impairment is safe to drive. This raises the 
question of whether assessments are reliable both within raters and between raters, and 
whether there is a particular pattern of on-road errors that can aid in discriminating between 
on-road Pass and Fail groups. 
Hypothesis: An on-road error list will contain errors which can discriminate between drivers 
with dementia or mild cognitive impairment who Pass and Fail an on-road driving 
assessment. 
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Rationale: Although MCI and dementia affect individuals in an unpredictable manner, there 
may be broad cognitive deficits that increase the chance of certain on-road driving errors. By 
examining the documented driving errors of a group of drivers with MCI and dementia it 
may be possible to find those errors which best discriminate between Pass and Fail groups. 
Significance: Finding a list of discriminative errors could be of great use in the scoring of 
on-road driving assessments for drivers with cognitive impairment. Since most on-road 
assessors do not used standardized scoring procedures (Korner-Bitensky et al., 2006), a short 
list of errors could allow for a more reliable assessment of driving in those with cognitive 
impairment, both within assessors and between assessors. 
Study design (Chapter 8): Same as for Dementia and Driving Hypothesis 8. In addition, an 
on-road error list will be completed by both driving assessors on completion of each on-road 
driving assessment. 
4.4 Explanation of Hypotheses 
The Healthy Driver Follow-up study and the Dementia and Driving study were largely 
designed following completion of the Healthy Older Drivers study. These studies benefitted 
from the findings of the first study and their hypotheses reflect this. For example, both the 
Older Drivers Follow-up study and the Dementia and Driving study include hypotheses 
regarding the effect of distress associated with medical conditions and driving. Although 
medical condition information was collected in the Healthy Older Drivers study, it was not 
done so in a systematic manner that allowed for anything but descriptive reporting, hence 
there is no hypothesis regarding medical conditions for this study. The Dementia and Driving 
study includes a hypothesis regarding differences in on-road errors performed between on-
road Pass and Fail groups. The driving error scale used in this study (and detailed in Section 
5.10.1) was compiled based on errors performed on-road during the Healthy Older Drivers 
study, hence, this error list was not used in the Healthy Older Drivers study. 
 
  56 
  57 
CHAPTER 5 - 
Assessment Methods 
5.1 Objectives  
The objective of this chapter is to list and describe the measures used in this research project.  
The Healthy Older Drivers study (Chapter 6) used SMCTests and a selection of standard 
cognitive tests to construct models of classification for passing or failing an on-road driving 
assessment in a group of 60 cognitively-unimpaired older drivers.  
The Healthy Driver Follow-up (Chapter 7) followed the participants from the first study for 
two years with annual telephone interviews that gathered information regarding driving 
behaviours, medical conditions, and crashes and traffic offences.  
The Dementia and Driving study (Chapter 8) used SMCTests to classify on-road Pass and 
Fail outcome in a group of 60 drivers referred for a medical driving assessment due to 
suspected or diagnosed dementia, cognitive impairment or memory problems. A subset of 32 
of these participants completed additional extensive cognitive testing, as well as providing 
information about medical conditions, driving behaviour, and being tested on road code 
knowledge. Many tests in the Dementia and Driving study were used to aid in the diagnosis 
of participants mild cognitive impairment or probable Alzheimer’s dementia. The tests used 
for this purpose and the process of determining this diagnosis is given in Section 8.1.3. 
5.2 Demographic Interview 
5.2.1 Healthy Older Drivers Study 
An interview was used to obtain information regarding age, education, longest held 
occupation, years of driving, handedness, and major medical conditions in the Healthy Older 
Drivers Study. Participants were asked to estimate how many km they drove a year (less than 
5,000, 5,000 – 10,000, 10,000 – 14,999, 15,000 – 19,999, and 20,000 and over) and were also 
asked about longer car trips they had taken in the previous year. Total km travelled was 
estimated using tables of travel distances and Google Maps (http://maps.google.co.nz/). Km 
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totals for additional travel were added to extrapolated driving log data obtained by 
multiplying the km recorded in the weekly driving log (see Section 5.3.1) by 52 weeks to 
form an estimate of km travelled over the previous 12 months. 
5.2.2 Dementia and Driving Study 
The interview was shorter in the Dementia and Driving study, due to the expected increased 
difficulty MCI and Alzheimer’s dementia participants would have in recalling information. 
Participants were not asked to estimate their yearly mileage and were not asked to recall 
longer car trips taken in the previous 12 months. The presence of current medical conditions 
was investigated using a checklist (McGwin et al., 2000). Participants were asked whether 
they had been diagnosed with or treated in the past twelve months for any of the following: 
heart disease, cancer, stroke, Parkinson’s disease, dementia, high blood pressure, high 
cholesterol, thyroid problems, sleep apnoea, diabetes, multiple sclerosis, arthritis, 
osteoporosis, cataracts, macular degeneration, diabetic retinopathy, glaucoma and retinal 
detachment; mental health conditions: depression or anxiety disorders; and a number of 
injuries: broken bones, surgery, falls, and head injury. If any of these medical issues were 
evident in the last year, they were asked two further questions: whether they were currently 
taking an associated medication (yes or no), and how bothered they were by their condition 
on a daily basis (not at all, a little, or a great deal).  
5.3 Driving Questionnaires 
Six driving related questionnaires were used to explore whether self-reported aspects of 
driving or driving knowledge were related to subsequent Pass or Fail score on the on-road 
driving assessment. 
5.3.1 Driving Log (Healthy Older Drivers Study) 
Participants were asked to log of their driving behaviour over a one week period prior to the 
first assessment appointment. Participants were provided with a seven-day driving log where 
they recorded their odometer readings before and after each driving trip. These data were 
used to generate a measure of driving exposure. 
5.3.2 Driving Anger Scale (Healthy Older Drivers Study) 
The Driving Anger Scale (DAS, Deffenbacher et al., 1994) was developed to assess the 
propensity for people to become angry in driving situations. In college students, higher scores 
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on the 14-item Driving Anger Scale have been associated with increased self-reported risky 
driving behaviour (Deffenbacher et al., 2002; Deffenbacher et al., 2003; Dahlen & White, 
2006; Schwebel et al., 2006). The original scale was developed using cluster analysis with 
the 14-item scale including questions for hostile gestures, illegal driving, police presence, 
slow driving, discourtesy, and traffic obstructions (see Appendix F for a copy of the scale). 
Participants rated how much anger they would feel in each situation using a five-point scale 
(1 = none at all, 2 = a little, 3 = some, 4 = much, 5 = very much). Since the DAS had not been 
used before in an older adult sample, it was completed twice by each participant: once at 
home before the first appointment and again during the off-road testing appointment in order 
to determine test-retest reliability of the measure. 
5.3.3 Driver Behaviour Questionnaire (Healthy Driver Follow-Up Study) 
The 24-item Driver Behaviour Questionnaire (DBQ, Reason et al., 1990) was developed to 
assess the frequency of occurrence of 24 self-reported driving behaviours divided into three 
subscales measuring areas of lapses of attention, errors, and deliberate violations of road 
rules (see Appendix G for a copy of the questionnaire). For each question participants were 
asked how often they had performed a certain driving manoeuvre in the last year (e.g., “how 
often have you gotten into the wrong lane when approaching a roundabout or intersection?”). 
Answers were rated using a six-point scale (0 = never, 1 = hardly ever, 2 = occasionally, 3 = 
quite often, 4 = frequently, 5 = nearly all the time).  
5.3.4 Driving Habits Questionnaire (Healthy Driver Follow-Up and Dementia and 
Driving Studies) 
5.3.4.1 Healthy Driver Follow-up Study 
The Driving Habits Questionnaire (DHQ, Owsley et al., 1999) was developed to collect a 
range of information about a person’s driving in the previous twelve months. The DHQ was 
modified in a number of ways from the original for The Healthy Driver Follow-up study (see 
Appendix H for the version used for this study). The Exposure section was removed as it was 
believed that information collected through the driving log (see Section 5.3.1) and additional 
questions regarding longer car journeys would provide a more accurate estimate of driving 
exposure. The Dependence section was removed as we considered the already present 
question “Which way do you prefer to get around?” would provide adequate information on 
how a participant preferred to travel (e.g., to drive themselves or be driven by others). As the 
questionnaire was developed in North America, references to left-hand turns were changed to 
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right-hand turns. The Driving Space section was altered by removing the sixth question 
(“During the past year, have you driven to places outside the southeast region of the USA?”), 
and changing the fifth question to “During the past year, have you driven to places outside of 
the South Island (of New Zealand)?”. This question included any driving performed overseas. 
A number of additional questions were added to the DHQ to assess aspects of driving not 
covered in the original questionnaire. These included listing the forms of transport a 
participant used regularly (drives own car, rides as a passenger, uses a taxi, uses a motor 
scooter/motorcycle, uses a bicycle, takes the bus, walks places), whether the participant 
thought they were driving the same amount, more, or less than the previous year, whether the 
participant had taken driving lessons in the last year, and whether the participant’s doctor had 
asked them any questions regarding their driving in the last year. Participants were also asked 
whether they experienced the same list of medical conditions described in Section 5.2.2 and 
were asked to self-report involvement in crashes and receipt of traffic tickets in the preceding 
12 months. 
5.3.4.2 Dementia and Driving Study 
Participants in The Dementia and Driving study completed a pared-down version of the 
Driving Habits Questionnaire used in The Healthy Older Drivers study. The DHQ was 
shortened in order to reduce administration time for participants, and also due to problems 
expected with requiring people with Alzheimer’s dementia and MCI to provide accurate self-
reported information. From the Current Driving section only questions 4, 5 and 6 were asked 
(Do you wear glasses or contact lenses when you drive? Do you wear a seatbelt when you 
drive? How would you rate the quality of your driving?). The self-reported Crashes and 
Citations and Driving Space sections were removed due to expected inaccuracies in reporting 
in a sample with memory and other cognitive problems. Participants were asked about forms 
of transport they were using regularly and whether they experienced the list of medical 
conditions described in Section 5.2.2. Often an informant was present during the completion 
of the DHQ and was able to provide clarification or information left out by the participant. 
Since the DHQ was altered substantially for both the Healthy Driver Follow-up and 
Dementia and Driving studies, its results should not be considered a test of the DHQ’s 
validity for use with the participants representing these populations. Also, composite scores 
were not computed for some of the sections as described by the authors (Owsley et al., 1999). 
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The DHQ was chosen due to the inclusion of specific sections considered to be relevant to 
the current studies which otherwise would have had to be constructed by the primary 
researcher. 
5.4 Driving Knowledge Tests  
4.4.1 Road Sign Test (Healthy Older Drivers Study) 
The Road Sign Test is printed in the document Medical Aspects of Fitness to Drive (New 
Zealand Transport Agency, 2009). The Road Sign Test is accompanied with the instructions: 
“If you suspect a person may be showing signs of forgetfulness or memory loss, give them 
this simple test on common traffic signs. A person who has trouble with this test or takes a 
long time to answer may need further assessment.” (p. 135). A patient is shown pictures of a 
series of six road signs and asked what the sign means and what action a driver should take 
on seeing such a sign (see Figure 5-1 for adapted test stimuli).  
 
Figure 5-1  Adapted Road Sign Test stimuli in from Medical Aspects of Fitness to Drive (New Zealand 
Transport Agency, 2009) as used in the Healthy Older Drivers study. 
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Appropriate responses are provided but no cut-off score is offered for determining whether a 
patient has experienced difficulty with the test. The Road Sign Test was used in the Healthy 
Older Drivers study to see whether scores on the test were related to Pass or Fail outcome on 
the on-road assessment.  
The test was presented to participants in The Healthy Older Drivers study using full colour 
stimuli of each sign presented individually on an A4 size sheet of paper. Each item was 
scored a maximum of two points (one point for correct identification of the sign and one 
point for correctly stating what action the driver should take) and a summed total score 
calculated. 
4.4.2 Road Rules Test (Dementia and Driving Study) 
Under New Zealand’s graduated driver licensing system, learner drivers are required to 
complete a road rules theory test consisting of 35 random questions from the New Zealand 
Road Code consisting of 25 questions about road rules and road hazards and 10 questions 
about safety practices that relate to the type of vehicle licence the person is applying for. 
Thirty-two out of 35 questions (91.4%) must be answered correctly in order to pass the test. 
There is no additional assessment of road rules knowledge for drivers once they have 
achieved their learner licence. During the on-road driving assessments for The Healthy Older 
Drivers study it became clear from on-road driving assessment reports that many people were 
committing road rule violations. A selection of 15 questions from the road code test was 
chosen to form a brief road code knowledge test (see Appendix I). We were interested to see 
whether the number of road code questions correctly answered would relate to whether 
people passed or failed their on-road assessment in The Dementia and Driving study. Having 
data on how a cohort of people with dementia would fare on the road code questions could be 
useful for any future planning of changes to the licensing system.  
5.5 Visual Acuity (Healthy Older Drivers Study) 
The visual acuity of participants in the Healthy Older Drivers study was assessed using a 
half-size Snellen eye chart from a distance of 3 metres. Participants read the chart with each 
eye individually and then with both eyes together. Scoring was recorded in metric with the 
number recorded for analysis being the denominator in the fraction, e.g., 6/6 acuity would be 
recorded as ‘6’ and is equivalent to 6/6 vision at 6 metres and 20/20 vision at 20 feet. 
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5.6 Sensory-Motor and Cognitive Tests (SMCTests™) (Healthy Older Drivers 
and Dementia and Driving Studies) 
5.6.1 Apparatus 
Two different sets of apparatus were used to complete the SMCTests assessment for the 
Healthy Older Drivers and Dementia and Driving studies. The Healthy Older Drivers study 
was performed on a portable system named the Canterbury Driving Assessment Tool 
(CanDAT™). Participants were seated on a non-swivel chair in front of a desk upon which 
sat a 19” inch LCD computer monitor for stimulus display, and under which sat a set of foot 
pedals (accelerator, clutch and brake). Attached to the front of the desk was a steering wheel 
which included turning signal indicators (see Figure 5-2). A separate laptop was used to run 
the SMCTests software which displayed test stimuli on the participant’s screen and allowed 
the assessor to enter biographical details, administer tests, store/retrieve raw data, and 
analyze test performance. 
 
Figure 5-2.  The CanDAT hardware running SMCTests software used for The Healthy Older Drivers 
study. 
 
For The Dementia and Driving study the SMCTests software was administered using a 
modified car body apparatus (Figure 5-3). In this device the steering wheel, indicator stick, 
and foot pedals (accelerator and brake) were interfaced to the A/D board of a Pentium PC. 
Using the PC’s first graphics board, a data projector displayed 1024 x 768 pixel (80 x 60 cm) 
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images of the test stimuli on to a plain wall directly in front of the participant with an eye-to-
screen distance of approximately 180 cm. A monitor, connected to the second graphics board 
on the PC, allowed the assessor to run the SMCTests software as described for The Healthy 
Older Drivers study above. 
 
Figure 5-3.  The modified car body hardware running SMCTests software used for The Dementia and 
Driving study. During testing room lights are switched off and test stimuli are projected onto the wall in 
front of the apparatus. 
 
5.6.2 Tests 
A subset from the SMCTests battery was used during the Healthy Older Drivers and 
Dementia and Driving studies. The Healthy Older Drivers study used three sensory-motor 
tests (Footbrake and Clutch, Ballistic Movement, Sine and Random Tracking), and five 
cognitive tests (Arrows Perception, Divided Attention, Visual Search, Complex Attention 
and Planning). For the Dementia and Driving study, the Footbrake and Clutch and Visual 
Search were omitted from this list. The tests are described below and in more detail in the 
User Manual (Christchurch Neurotechnology Research Programme, 2006).  
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5.6.2.1 Sensory-motor function tests  
Footbrake and Clutch – This test assessed a participant’s ability to respond quickly to a 
visual stimulus. Participants were presented with a traffic light display with green and red 
lights. Participants were required to depress the accelerator pedal to illuminate the green 
light. After a random interval (2–6 s) the green light turned off concurrently with the red light 
turning on. Participants must then respond by lifting their foot off the accelerator and 
depressing the brake and clutch pedals simultaneously. Timing of the movement requires that 
both brake and clutch pedals be fully depressed, i.e., timing is not complete until both the 
accelerator and clutch pedal have reached their full depression, thus requiring strength in both 
legs. There were ten trials. The lowest two reaction time and movement time scores were 
automatically excluded in order to control for outliers, and the remaining eight reaction and 
movement times were averaged to give mean reaction and movement times. Times are 
recorded in ms.  
Ballistic Movement – This test assessed reaction time, movement time, and peak velocity for 
arm movements in response to a non-target stimulus. Participants were required to move an 
on-screen arrow out of a box and across a line in response to a random 3–7 s latency stimulus 
(the line colour changes from red to green which was the signal for the participant to move 
the arrow across the line as fast as possible). Reaction time (time to respond to the stimulus 
change in ms) and movement time (time to cross the line stimulus in ms) were recorded in 
each arm separately. There were 16 trials, four for each arm in both left and right directions: 
the participant moved the steering wheel to the right with right arm, then left with left arm, 
then right with left arm and right with left arm. Mean reaction time, movement time, and total 
time scores were calculated using times from the 16 trials. Speed of movement wsa also 
recorded in mm/s. Placement of participants’ hands on the steering wheel was standardized, 
with each participant directed to centre the arrow in the centre of the screen and grasp the top 
centre of the steering wheel. 
Sine Tracking – This test assessed participants’ ability to keep an arrow point on a sinusoidal 
wave which descended from the top of the screen with an 8.0 s preview before reaching the 
arrow point. The vertical position of the arrow on the screen was fixed, with participants able 
to move it left and right to track the curve of the descending line. Participants were asked to 
use both hands at ‘ten o’clock’ and ‘two o’clock’ positions on the steering wheel. The task 
required smooth movements over a 180◦ range of the steering wheel. The average absolute 
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horizontal distances of the point of the arrow to the line were sampled at 60 Hz over the 70 s 
duration of the test and recorded in mm. 
Random Tracking – This test is similar to Sine Tracking but the target is a randomly 
generated waveform. Again, participants were asked to keep an arrow point as close to the 
line as they could, with error averaged in mm over the 70 s test duration (in Figure 5-4 the 
random line stimulus can be seen in the centre of the screen). The Sine and Random Tracking 
tests were performed twice each and alternated with one another: Sine Tracking trial 1, 
Random Tracking trial 1, Sine Tracking trial 2, Random Tracking trial 2. 
 
Figure 5-4.  Example of the Divided Attention test. The participant has to follow the yellow random line 
target with their vertical arrow using the steering wheel while also verbally indicating whether the four 
horizontal arrows are pointing in the ‘same’ or ‘different’ directions. In this example the arrows are 
pointing in different directions. 
 
5.6.2.2 Higher cognitive function tests 
Arrows Perception – This test required participants to decide whether four simultaneously 
presented arrows were pointing in the same direction (all pointing left or all pointing right) or 
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whether one or more arrows were pointing in different directions (e.g., one arrow left and 
three right, two arrows left and two right, etc.). The participant was directed to say “Same” if 
all arrows were pointing in the same direction and “Different” if one or more arrows were 
pointing in different directions (in Figure 5-4 the arrow stimuli can be seen at the edges of the 
screen). The assessor recorded the same or different decision by pressing ‘s’ or ‘d’ on the 
keyboard respectively. The computer recorded the time in seconds for each response, and 
whether the response was correct or incorrect. If the participant did not respond within 4.8 s a 
‘no response’ was recorded for that trial. Each set of four arrows was displayed for a 
maximum of 4.8 s (otherwise a ‘no response’ trial was recorded), with a 1.0 s delay between 
each set. There were twelve trials in the test. 
Divided Attention – This test combines simultaneous Arrows Perception and Random 
Tracking tests (see Figure 5-4). 
Visual Search –Visual search, including left-right or central-peripheral vision bias was 
examined using 20 trials (see Figure 5-5). A box at the top of the screen contained the target 
stimuli of a left turn and right turn arrow. The participant was instructed to search for either 
of these arrows in the maintain stimulus area below. The steering wheel was to be turned in 
the direction that the arrow was pointing. For example, Figure 5-5 the target arrow in the 
array of symbols is a left turn arrow (located just above the horizontal midline on the right 
side of the screen). Therefore, the participant should turn the steering wheel left. Each screen 
was displayed for a maximum of 10.0 s. 
There was an interval of approximately 2 s between each trial in which time the participant 
was asked to again centre their steering wheel. For each trial the response time was recorded 
as well as whether each steering wheel turn was in the correct or incorrect direction or 
whether it was not moved at all (designated a non-response trial). The mean average response 
time (minus any non-response trials) was reported.  
Complex Attention – This test assessed participants’ ability to maintain attention on a task 
despite visual distracters. The test began with an arrow at the bottom of the screen (see 
Figure 5-6). A box at the top right of the screen contained a green light and below this was a 
smaller grey box at the same level as the arrow. At the top of the left side of the screen was 
an empty box identical to the top right hand box but without a green light stimulus. Below 
and to the right of the empty box was a solid green line. 
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Figure 5-5.  Example screen from the Visual Search test. The target stimuli are shown in the top box. A 
‘turn left arrow’ is shown in the middle right side of the main box amongst 69 distracter stimuli. 
 
Participants were asked to move the arrow into the small box on the right side of the screen 
and to remain under the green light until it moved to the grey box on the other side of the 
screen. At this point participants were asked to move their arrow until it was again under the 
green light. The top green light changed sides after a duration of between 3 and 5 s regardless 
of where the participant’s arrow was located. The computer recorded the time from the 
changing light stimulus to when the participant moved the arrow out of the box as reaction 
time, and the time it took to move over the green light as movement time. If the participant 
was not within the small box at the time that the light changes or within 180 ms of the change 
the trial is recorded as ‘invalid’, and if the participant failed to move the arrow past the green 
line within 3.0 s of the changed stimulus the trial was recorded as a ‘lapse’. The test consisted 
of 21 trials that took 2 min 27 s to complete. 
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Figure 5-6.  Example of on-screen presentation of Complex Attention. The participant is asked to keep 
their arrow under the green light. 
 
Scores were tabulated to provide the mean reaction and movement times across trials as well 
as the standard deviation measure of each. The mean total time and the number of lapses and 
invalid trials were also recorded. 
Planning – This test assessed the ability to use accurate timing and judgment to complete 
multi-step behavioural tasks. Participants were presented with a street  scene in plan view, 
that consisted of a two-lane road boarded by empty green spaces (‘grass’) and a small blue 
car situated in the left lane. Participants were instructed to ‘drive’ the car on the road by 
pressing the accelerator. When the accelerator was depressed the road diagram moved down 
the screen at 29 mm/s, after a constant acceleration period of 1500 ms. The actual position of 
the blue car remained stationary on the screen. The road was usually straight except for one 
section of curved road. Participants were told that at some stage a hazard (puddle of spilt 
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paint) or intersection would appear in the roadway ahead of their car (see Figure 5-7 for the 
car approaching an intersection).  
Participants were instructed to ‘overtake’ the spilt paint hazard by selecting the right 
indicator (mounted on the right side of the steering wheel in the CanDAT setup for the 
Healthy Older Drivers study and in a single stalk on the right of the steering wheel in the 
modified car body setup for the Dementia and Driving study), moving onto the right side of 
the road, straightening the car, selecting the left indicator and moving back to the left lane 
once past the hazard. As there were cars coming towards them in the right-hand lane 
participants needed to determine at each hazard whether they could perform this manoeuver 
without stopping, or whether they needed to stop before the paint and wait for a gap in traffic 
to complete the passing manoeuvre. 
A range of measures from Planning were utilized: lateral road position error (mm) where the 
standard deviation from the participant’s ‘x’ coordinate position was measured during driving 
on straight road sections without hazards; duration of position errors (s) where the length of 
time spent with any part of the blue car crossed the road was recorded; intersection safety 
margin (mm) where the mean distance from other cars while crossing intersections was 
recorded; number of hazards hit; number of crashes with other cars; and total distance 
travelled (m) during the test. 
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Figure 5-7.  Example of on-screen presentation of Planning. In the example the participant’s blue car is 
approaching an intersection where the participant must use the brake pedal to stop behind the yellow 
lines and must then choose a safe time to press the accelerator to cross the intersection. 
5.7 Standard Cognitive Function Tests 
A battery of standard cognitive function tests were chosen for the Healthy Older Drivers 
study and Dementia and Driving study. As the Healthy Older Drivers study consisted of older 
drivers with no diagnosed cognitive impairment, the number of cognitive tests was kept to a 
minimum, with those selected chosen to highlight any noticeable cognitive decline that may 
have been present in individuals. For the Dementia and Driving study the tests served two 
purposes. First, diagnoses of MCI and Alzheimer’s dementia were informed by assessment 
results. Secondly, additional tests were added due to hypotheses about the kinds of cognitive 
difficulties that might be associated with the ability to drive safely.  
Cognitive function tests for the Healthy Older Drivers study consisted of four tests: a 
standardized version of the Mini-Mental State Exam (Molloy & Standish, 1997), Trail 
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Making Tests A and B (Brainmetric, 2011), the Wechsler Test of Adult Reading (Wechsler, 
2001), and the Dementia Rating Scale – 2 (Jurica et al., 2001).  
Cognitive function tests for the Dementia and Driving study consisted of fourteen tests: a 
standardized version of the Mini-Mental State Exam (Molloy & Standish, 1997), the 
Wechsler Test of Adult Reading (Wechsler, 2001), two subsets of the Delis-Kaplan 
Executive Function System (D-KEFS) (Verbal Fluency and Colour-Word Interference) 
(Delis et al., 2001), Trail Making Tests A and B (Brainmetric, 2011), the Alzheimer’s 
dementia Assessment Scale – Cognitive behaviour (ADAS-Cog) (Mohs, 1994), three subtests 
of the Visual Object and Space Perception Battery (VOSP) (Shape Detection Screening Test, 
Incomplete Letters, and Silhouettes) (Warrington & James, 1991), two subtests of the 
Wechsler Adult Intelligence Scale – Third Edition (WAIS-III) (Letter-Number Sequencing 
and Block Design) (Wechsler, 1997), The Rey Complex Figure Test (copy and 3-minute 
recall trials) (Meyers & Meyers, 1995), and the Benton Judgement of Line Orientation test 
(Benton, 1983). 
5.7.1 Mini-Mental State Exam (Healthy Older Drivers and Dementia and Driving 
Studies) 
The Mini-Mental State Exam (MMSE) is a commonly used brief screen for cognitive 
impairment and includes 22 items covering areas of orientation to time and place (asking 
what year it is, the date, season of the year etc), short-term memory (asked to recall three 
words after a gap of a few minutes, and carry out a verbally presented command), language 
(asked to repeat a phrase, name two items, spell a word backwards, and write a sentence), and 
constructional ability (asked to copy a figure of interlocking pentagons). The maximum score 
is 30 with a score of below 26 often used to indicate the potential presence of cognitive 
impairment. The MMSE is a useful tool for detecting the presence of dementia but has poor 
sensitivity for detecting people with mild cognitive impairment or mild dementia who will 
often score in the normal range (Nasreddine et al., 2005; Smith et al., 2007). A standardized 
version of the Mini-Mental State Exam (SMMSE) was used, based on a version described by 
Molloy and Standish (Molloy & Standish, 1997), which has been shown to have higher inter-
rater and test-retest reliability and is easier to administer than the original version (Folstein et 
al., 1975; Molloy et al., 1991).  
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5.7.2 Trail Making Tests A & B (Healthy Older Drivers and Dementia and Driving 
Studies) 
Trail Making Tests A and B (Brainmetric, 2011) are used to assess visual scanning, 
visuomotor tracking, divided attention, and cognitive flexibility (Lezak et al., 2001). For Part 
A of the test, participants are asked use a pencil to link together numbers presented in circles 
(1 to 25) in the correct sequence (i.e., 1 connects to 2, 2 to 3, 3 to 4, etc.). Part A measures 
visual scanning ability which is essential in order to complete Part B of the test. Part B 
consists of joining together numbers and letters presented in circles in numerical and 
alphabetical order while switching between the two (i.e., 1 connects to A, A to 2, 2 to B, B to 
3, etc.). The test was administered following instructions by Strauss et al. (2006) with time to 
completion (s) used as the dependent variable. In the Dementia and Driving study, those who 
were unable to finish the test were assigned a maximum score of 600 s. The Trail Making 
Test is sensitive to cognitive decline in those with dementia, traumatic brain injury, and 
Huntington’s patients, amongst other conditions (Lezak et al., 2001). For the Dementia and 
Driving study the score on the Trail Making Test were converted to z scores based on 
normative data provided by Tombaugh (2004) which includes age- and education-stratified 
norms for a sample of non-cognitively-impaired Canadians recruited from the general 
population. 
5.7.3 Wechsler Test of Adult Reading (Healthy Older Drivers and Dementia and Driving 
Studies) 
The Wechsler Test of Adult Reading (Wechsler, 2001) consists of a list of 50 words with 
atypical grapheme to phoneme translations that participants are asked to read aloud (e.g., 
liaison, porpoise). The number of words correctly read is then converted to an estimated 
premorbid Full Scale IQ score. It therefore is not used in the diagnosis of dementia in The 
Dementia and Driving study. The ability to read words is not usually affected by injury or the 
early stages of dementia provided the participant had developed reading skills prior to the 
onset of cognitive disorder. The WTAR has been validated against the Wechsler Adult 
Intelligence Scale – III with correlations with Full Scale IQ of .74, .78, .72, .69, .68, and .76 
with age ranges 55-64, 65-69, 70-74, 75-79, 80-84, and 85-89 respectively (Wechsler, 2001). 
Norms were taken from the WTAR manual using the United States ‘White Male’ and ‘White 
Female’ Full Scale-IQ estimates stratified by age and years of education. 
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5.7.4 Dementia Rating Scale – 2 (Healthy Older Drivers Study) 
The Dementia Rating Scale – 2 (Jurica et al., 2001) investigates five areas of cognition that 
are sensitive to changes associated with dementia: attention (repeating a span of verbally 
presented digits, following commands, and imitation), initiation and perseveration (naming 
items that can be bought in a supermarket, naming article of clothing worn by the assessor, 
repeating back sounds, repeating movements, tapping a rhythm, and copying simple 
drawings), construction (copying more complex drawings, and  writing their name), 
conceptualisation (grouping similar drawings, and naming how two items are similar), and 
memory (recalling a sentence after a delay, recognition of words from a word list, and 
recognition of designs from a design list). A total score is constructed from the results of the 
five subscale sections, and an age-and education-adjusted score is calculated using the 
Dementia Rating Scale-2 manual. A scaled score of 9 and above is described as ‘intact’, with 
scores between 6 and 8 described as mildly impaired, 4 to 5 as moderately impaired, and 3 or 
less as severely impaired.  
5.7.5 Letter Fluency and Category Fluency (Dementia and Driving Study) 
Letter and Category Fluency tests measure the rate of verbal production of words starting 
with three different letters (F, A, and S), and then for two different categories (names of 
animals and boys names). Reduced verbal fluency is often found in people with dementia 
(Lezak et al., 2001), and may be related to frontal lobe damage.  Age-corrected norms were 
taken from the D-KEFS manual. 
5.7.6 Colour-Word Interference (Dementia and Driving Study) 
Otherwise know as the Stroop test, Colour-Word Interference measures the time it takes for 
participants to read a list of colour names when presented with a page containing patches of 
colour, to read a list of colour words presented in black ink, and to read the ink colour of 
words that are written in a different coloured ink from the what the word actually says (i.e., 
the word “red” written in green ink should be read as green). The length of time taken to read 
the non-congruent word and coloured ink trial and the numbers of errors made during the 
task are used to demonstrate difficulties with attention, concentration and/or response 
inhibition, which are all aspects of cognition affected by dementia. The Inhibition/Switching 
subtest was not used for The Dementia and Driving study. Age-corrected norms were taken 
from the D-KEFS manual. 
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5.7.7 Alzheimer’s Dementia Assessment Scale – Cognitive Behaviour (Dementia and 
Driving Study) 
The Alzheimer’s dementia Assessment Scale – Cognitive (ADAS-Cog, Mohs, 1994; Mohs et 
al., 1997) is a more intensive screen than the MMSE or Dementia Rating Scale – 2, with 10 
tests measuring word recall (10 words with 3 presentation and recall trials with a delayed 
recall trial a few minutes later), ability to follow four progressively more complex 
commands, constructional praxis (copying four shapes: circle, overlapping rectangles, 
rhombus and cube), naming 12 objects and five fingers, ideational praxis (folding a letter, 
placing it in an envelope and sealing the envelope, writing own address and showing where 
the stamp goes), a short list of orientation questions (date, season of the year etc), a word list 
followed by a recognition trial, finding a way through a short maze, and number cancellation 
(finding two number targets in an array of numbers). There are also four assessor-rated 
questions regarding difficulties in remembering test instructions, comprehending spoken 
language, word-finding problems, and language problems. The ADAS-Cog is most 
frequently used to assessment cognitive deficits over time as part of pharmaceutical trials for 
people with dementia. For the Dementia and Driving study subtest the total error score was 
used. 
5.7.8 Shape Detection Screening Test, Incomplete Letters, and Silhouettes (Dementia 
and Driving Study) 
Three subtests from the Visual Object and Space Perception Battery were used to assess 
deficits in object and space perception that can occur following brain damage. The Shape 
Detection Screening Test is used as a screen to check the participant’s vision. Incomplete 
Letters presents a series of 20 black capital letters of which 70% of the black ink has been 
randomly degraded. Participants must respond as to which letter of the alphabet is being 
viewed. The Silhouettes test presents 15 pictures each of animals and objects which are 
presented in silhouette form. Silhouettes were drawn from the outlines of objects with 
varying degrees of angular rotation. Items are presented in order of difficulty. Norms were 
taken from a paper by Herrera-Guzmán et al. (2004) using healthy older adults from a 
Spanish population. Norms were age stratified, but were only available up to the age of 80, 
therefore they may underestimate the abilities of people in the 80 and above age group. 
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5.7.9 Letter-Number Sequencing (Dementia and Driving Study) 
Letter-Number Sequencing is a subtest of the Wechsler Adult Intelligence Scale – III (WAIS-
III, Wechsler, 1997) which measures working memory and attention. The task consists of the 
examiner reading a string of numbers and letters and asking the participant to rearrange and 
repeat the sequence back with numbers first in numerical order and then the letters in 
alphabetical order (e.g., the sequence 7-N-4-L should be repeated back as 4-7-L-N). The test 
starts with a list size of two and continues to a list size of seven with each list size presented 
with three different letter/number strings. Participants are required to fail all three strings of a 
certain length in order for the test to be discontinued. The score is the number of correct 
items. Age-corrected norms were taken from the WAIS-III manual. 
5.7.10 Block Design (Dementia and Driving Study) 
Block Design is a subtest of the Wechsler Adult Intelligence Scale – III (Wechsler, 1997) 
which measures visuospatial organisation. Participants are asked to construct two-
dimensional designs using blocks with red, white, and red/white faces. Participants are first 
asked to copy the assessor in making a design and then construct models to match a set of 
drawings. Once several designs are made using four blocks, participants are asked to make 
designs using nine blocks. Performance on Block Design is often lowered in the presence of 
any kind of brain impairment. Block Design was chosen for The Dementia and Driving study 
due to the importance of visuospatial understanding in driving ability. Age-corrected norms 
were taken from the WAIS-III manual and were. 
5.7.11 Rey Complex Figure Test (Dementia and Driving Study) 
The Rey Complex Figure Test (Meyers & Meyers, 1995) is used as a measure of perceptual 
organization and visual memory. The participant is presented with a drawing of a figure 
comprised of both large and small details and is asked to draw a copy of the figure as well as 
they can. Scoring includes both the time it takes for the person to finish the drawing and the 
accuracy of 18 parts of the drawing each with a maximum score of 2 points (including half 
points), one point for accuracy of the drawing and the other for the accuracy of placement 
within the Complex Figure stimulus. In The Dementia and Driving study, a delay of 
approximately 3 minutes followed the copy trial before the participant was asked to draw as 
much of the figure as they could from memory. Once again, time used to complete the 
drawing and the accuracy and placement of 18 elements of the drawing were scored. Age-
adjusted norms were taken from the Complex Figure manual. 
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5.7.12 Judgment of Line Orientation (Dementia and Driving Study) 
The Judgement of Line Orientation test (JOLO, Benton, 1983) measures the ability of 
participants to estimate angular relationships between line segments. The participant is 
presented with eleven numbered line segments presented in a fan array and is asked to name 
the numbers of the two lines from the array that match two lines presented above the array 
(see Figure 5-8). People with dementia often perform very poorly on this test (Lezak et al., 
2001), and the test was included for The Dementia and Driving study to investigate whether 
visuospatial deficits detected by the test are related to problems in driving. Age and sex 
adjusted norms were taken from Benton et al. (1994). 
 
Figure 5-8.  Example of a JOLO stimulus. The participant is asked to give the numbers of the two lines 
from the completed array (here presented on the right) that match the stimulus lines shown here on the 
left. The correct answer for this item are lines 5 and 10. 
5.8 Psychiatric Screens and Personality Psychometrics 
Apart from cognitive and sensory-motor testing, personality characteristics and symptoms of 
psychiatric problems may impact driving.  
5.8.1 Beck Anxiety Inventory (Healthy Older Drivers Study) 
The Beck Anxiety Inventory (BAI, Beck, 1990) is a measure of trait anxiety which is the 
propensity for people to become anxious across a range of everyday situations. In a study of 
young adults, trait anxiety was related to higher levels of driving anger and more risky 
driving and crashes (Deffenbacher et al., 2003). For the Healthy Older Drivers study, we 
were interested in whether those with higher levels of trait anxiety were more likely to 
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receive a fail score on the on-road driving assessment. Raw scores of the number of items 
endorsed on the BAI were recorded for analysis. 
 
5.8.2 Geriatric Depression Scale (Healthy Older Drivers and Dementia and Driving 
Studies) 
The Geriatric Depression Scale (GDS, Aging Clinical Research Center, 2011) was developed 
specifically for older adults by removing many of the physical symptoms of depression 
present in other depression scales which occur at a higher frequency in a non-depressed older 
sample (e.g., lack of energy, problems sleeping). The screen exists in a long form of 30 
questions and a short form of 15 questions. The long form was used for the Healthy Older 
Drivers study and the short form for the Dementia and Driving study. A previous study 
followed drivers aged 55 and over prospectively for five years and found that those with 
higher GDS scores were 2.53 times more likely to be involved in a state-recorded crash in 
that time compared to those with low GDS scores (Sims et al., 2000). The GDS was used as a 
screen to detect the presence of depression, and also to see whether there was any 
relationship between GDS scores and the outcome of the on-road driving assessment. 
5.8.3 Big Five Personality Scale (Healthy Older Drivers Study) 
The Big Five Personality Scale (John & Srivastava, 1999) was utilized to measure five 
personality dimensions: extraversion, agreeableness, conscientiousness, neuroticism, and 
openness to experience to determine whether there were any relationships between scores on 
these variables and on-road driving outcomes.  
5.9 Activities of Daily Living Questionnaires (Dementia and Driving Study) 
A diagnosis of dementia depends on the presence of significant cognitive impairment as well 
as impairment in activities of daily living (ADL). When cognitive impairment is present and 
ADLs are not significantly impaired then a diagnosis of dementia cannot be given. Instead, a 
diagnosis of mild cognitive impairment may be appropriate. Measures of ADLs can be 
divided into more simple basic tasks such as dressing, toileting and personal hygiene, and 
more complex activities (often called instrumental activities of daily living, IADL) which 
rely on higher order cognitive ability, such as memory and executive functions (Marson & 
Hebert, 2006). Driving is often classed as an IADL due to its use of a combination of more 
simple automatic procedural motor skills with intermittent demands on higher order skills 
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such as complex attention, judgment and decision-making. For The Dementia and Driving 
study, it was essential to collect information about ADLs in order to discriminate between 
participants with MCI and Alzheimer’s dementia. These measures may also be useful for 
determining whether a participant is likely to Pass or Fail an on-road driving assessment. 
Described below are the three informant questionnaires used for this task. 
5.9.1 Four-Item Instrumental Activities of Daily Living Scale  
The Four-Item Instrumental Activities of Daily Living scale (4IADL) was developed by Li et 
al. (2006) from a larger group of items assembled by Galasko et al. (1997). Li et al. (2006) 
administered 18 ADL questions to a family member or caregiver of participants without 
cognitive impairment, with diagnosed MCI or Alzheimer’s dementia. Using logistic 
regression, the authors found a set of four items which discriminated between the two 
diagnostic groups. These items assess the patient’s ability to find personal belongings around 
the house, manage their finances, keep appointments or meetings, and to read and talk about 
material found in books, magazines or newspapers. The addition of a single question about 
whether the informant thought that the patient’s memory or other mental abilities had 
declined (answered simply ‘yes’ or ‘no’) lead to a final sensitivity for classifying MCI of 
86.5% and a specificity of 79.5% and a sensitivity for classifying dementia of 85.7% and a 
specificity of 85.2%. Scoring is completed by adding the totals of the four standard items and 
subtracting the score for the single question that asks about the decline of memory and other 
mental abilities. Lower total scores correspond to greater impairment. The authors also 
provided cutoff scores for the diagnosis of MCI and Alzheimer’s dementia.  
5.9.2 Alzheimer’s Dementia Activities of Daily Living International Scale  
The Alzheimer’s dementia Activities of Daily Living International Scale (ADL-IS, Reisberg 
et al., 2001) was developed through a process of expert review, interviews with people with 
dementia and their caregivers and finally a trial using controls and people with MCI and 
Alzheimer’s dementia. The aim of the scale was to be sensitive to detecting MCI and mild 
Alzheimer’s dementia, as well as being sensitive to change over time. The scale was 
developed to gather information about a large sampling of daily living activities that are 
affected by MCI and Alzheimer’s dementia. The scale consists of 40 items from 13 different 
categories (conversation, recreation, self-care, house-hold activities, general activities, 
medication, social functioning, telephone, reading, organization, food preparation, travel, and 
driving) and correlates with scores on the MMSE (r = .81) and the Global Deterioration Scale 
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(r = .81) which measures the level of impairment for people with dementia. For each question 
an informant is asked about the frequency of performance of certain activities with responses 
rated either on a 5-point scale (0 = never, 1 = sometimes, 2 = often, 3 = always, and 4 = 
activity no longer performed), or as ‘activity was never performed’, or ‘unknown’. Scoring is 
completed by summing the scores of the items rated on the 5-point scale and dividing by the 
number of items rated using the 5-point scale. In this way, activities that were never 
performed and activities about which performance is unknown are not included in the final 
score. Higher scores correspond to greater impairment. 
5.9.3 The Informant Questionnaire on Cognitive Decline in the Elderly  
The Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE, Jorm & 
Jacomb, 1989) facilitates assessment of cognitive decline from pre-morbid levels of 
functioning. The scale asks the informant to think of what their friend or relative was like 10 
years ago and compare what they are like currently for a list of items such as ‘Learning new 
things in general’ and ‘Remembering things that have happened recently’. Each response is 
score on a 5-point scale (1 = much improved, 2 = a bit improved, 3 = not much change, 4 = a 
bit worse, and 5 = much worse). This system of scoring allows for both declines and 
improvements in functioning to be measured. A long form of 26 items and a short form of 16 
items exist, with Jorm (2004) suggesting that the short form is most appropriate to use for the 
English version of the scale. Scoring consists of summing item scores and dividing by the 
number of item responses with higher scores indicating more impairment. A review article 
presents a collection of cut-points suggested by authors who have used the scale on a general 
population sample as well as clinical samples and suggests a cut-point of ≥ 3.44 has a 
reasonable balance of sensitivity and specificity for detecting dementia in clinical samples of 
around 100% and 86% respectively (Jorm, 2004). 
5.10 On-Road Driving Assessment 
On-road driving assessments were conducted by an experienced driving occupational 
therapist and a driving instructor, both from the Driving and Vehicle Assessment Service at 
Burwood Hospital, Christchurch. On-road assessors were blind to the results of all off-road 
testing. Participants were able to use their own cars (automatic or manual) for the driving 
assessment, as older drivers are more likely to pass an on-road driving assessment if they use 
their own car (Lundberg & Hakamies-Blomqvist, 2003). The driving instructor sat in the 
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passenger seat, provided directions, and maintained safety of the vehicle while the 
occupational therapist sat in the rear and observed driving performance. All participants in 
the Healthy Older Drivers study travelled the same 45-minute public road route with an equal 
number of left and right turns. Participants in the Driving and Dementia study did not all 
drive the same route, and many started the route from their own homes (see below for more 
details on this). Road conditions included single-lane roundabouts, dual-lane roundabouts, 
dual-lane roads, controlled intersections (yield and stop signs, and traffic light controlled), 
uncontrolled intersections, and changes in speed zone (i.e., 50 km/hr, 60 km/hr, and 80 km/hr 
sections). Driving ability was rated as a consensus Pass or Fail score. The assessors were free 
to use any information to inform this decision. It was standard practice in driving assessment 
situations for occupational therapists to incorporate a range of information into their outcome 
decision, including a person’s manner on the telephone, missing of an appointment, manner 
during the off- and on-road assessments, expressed concerns of family members present, and 
orientation to place, time, and reason for requiring a driving assessment. In the current 
studies the on-road assessors were blinded to all off-road testing results, and so their 
experience of the person’s behaviour was based on their behaviour just prior to, during, and 
following the on-road driving assessment.  
Following the Pass and Fail score decision, a driving scale score was assigned by the 
occupational therapist using an 11-item ordinal driving scale where scores of 0-5 could be 
given to those in the Fail range and scores 6-10 given to those in the Pass range (Innes et al., 
2007) (see Appendix J for a copy of this scale). This scale was designed to give a continuous 
measure of how well a person performed in the on-road assessment.  
Following the on-road assessment in the Healthy Older Drivers study, the occupational 
therapist provided feedback to the participant regarding driving errors and the correct 
behaviour for these situations. The occupational therapist was also free to recommend driving 
lessons for drivers if she felt there were safety concerns. 
Common errors performed during the on-road assessment in the Healthy Older Drivers study 
were compiled into an error checklist which was then used in an effort to standardize the 
collection of driving error data for the Dementia and Driving study (see Section 5.10.1) In the 
Dementia and Driving study the on-road assessment route was not standard, with some 
participants beginning the assessment from Burwood Hospital and others beginning the 
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assessment from their homes. The home option was used for people who did not have a 
family member able to arrange their transport, those who were considered unlikely to be able 
to attend an appointment due to the extent of their cognitive impairment, and those who were 
resistant to attending. Those who drove from home were often asked to drive a number of 
familiar routes rather than a novel route. Both the occupational therapist and the driving 
instructor monitored driving errors and filled in a driving error form following the drive.  
5.10.1 On-Road Error List (Dementia and Driving Study) 
An on-road error list with a standardized recording procedure was constructed based on the 
noted errors from on-road reports for the participants in the Healthy Older Drivers study. The 
form contained the 28 most frequently performed driving with extra spaces provided for 
assessors to write in any additional errors they thought were worth noting. The list was then 
given to the driving instructor in the Healthy Older Drivers study and two occupational 
therapists to add other errors that they commonly observed in drivers with dementia. For the 
final list (see Appendix K), assessors were asked to indicate errors with check marks under 
three categories: ‘error present’ which simply noted the performance of an error, ‘persisted 
despite instruction’ for errors that persisted following corrective feedback, and ‘contributed 
to fail judgment’ for those errors that were deemed serious enough to have directly 
contributed to a Fail rating. Assessors were also asked to rate the participant’s level of 
insight, awareness of any driving problems and receptiveness to feedback. These additional 
ratings were scored as ‘yes’, ‘limited’, or ‘no’. Assessors also rated whether a participant 
could benefit from driving lessons, as either ‘yes’ or ‘no’. 
CHAPTER 6 - Study 1 – Healthy Older Drivers 
 83 
CHAPTER 6 - 
Study 1 – Healthy Older Drivers 
This chapter explores a range of cognitive, sensory-motor, personality, demographic and 
SMCTests measures to determine their relationship to on-road assessment Pass or Fail 
outcome in a group of cognitively-unimpaired drivers aged 70 and over. Following detection 
of the variables associated with Pass and Fail outcome a classification model was constructed 
using binary logistic regression which was then checked for stability using leave-one-out 
cross-validation. 
6.1 Methods 
Ethical approval was obtained for this study through the Upper South A Canterbury Ethics 
Committee. 
6.1.1 Participants 
A convenience sample of current drivers was recruited from churches, recreational groups, 
word of mouth, and advertisements placed in two free local health magazines in 
Christchurch. Participants were mailed an information sheet about the study (see Appendix 
L) and all participants gave informed consent (see Appendix M for a copy of the study 
consent form).  
Sixty participants (30 males and 30 females) aged 70 to 84 years were recruited to obtain 10 
men and 10 women in each of three age ranges (70-74, 75-79, and 80+ years; mean=76.7 
years); 93% identified their ethnicity as New Zealand European. All were current drivers, 
with an average of 55.1 years of driving experience. Exclusion criteria included a history of 
moderate to severe brain injury, diagnosed neurological or cognitive disorder, 
musculoskeletal disease that interfered with driving, and recent psychiatric disorder. Other 
illness was not an exclusion criteria and a number of past and current health problems were 
reported: high blood pressure (59.3%), arthritis (55.9%), high cholesterol (39.0%), cataracts 
(32.2%), heart disease (27.1%), and cancer (22.0%). Males had more driving experience than 
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females (58.8 versus 51.5 years, z = -3.82, p < .001), and drove more km per year (male 
median=8,693 versus 5,894, z = -2.81, p = .005). All participants scored above 26 on the 
SMMSE (mean=28.8), suggesting that cognitive impairment at a level indicative of dementia 
was unlikely. Participants were free to continue driving irrespective of the outcome of the on-
road driving assessment and received NZ$50 compensation for their involvement. Table 6-1 
provides a summary of participant demographics. 
Table 6-1.  Participant demographics by age group (total n=60) 
  Age Group (years) 
  70-74 75-79 80 plus 
Number in group 20 20 20 
Years of age - mean (range) 71.7 (70-74) 76.7 (75-79) 81.7 (80-84) 
Percent female / male 50% 50% 50% 
Years of driving - mean (range) 51.9 (40-58) 53.7 (31-64) 56.5 (50-69) 
Years of education - mean (range) 12.8 (8-19) 12.6 (8-19) 13.7 (9-19) 
Km driven per year - median (range) 7,057 (624-29,789) 7,480 (2964-122,572) 7,142 (1128-27,034) 
Ethnicity1 - NZ European 19 19 18 
                 - Other European 1 0 0 
                 - Māori 1 1 3 
1Numbers do not add to total number in each group as more than one ethnicity could be selected 
 
6.1.2 Assessment Procedure 
For the off-road assessment, three self-report measures were completed by the participant at 
home (Big Five Inventory, Driving Anger Scale, and the one-week driving log – see Chapter 
5, Assessment Methods for all measures used in this study). At the off-road appointment 
participants provided information about age, years of education, longest held occupation, an 
estimate of km driven in the previous 12 months, reported longer car trips they had driven 
during the last 12 months, self-reported handedness (left or right), and major medical 
conditions. They also completed the Road Sign Test, Snellen eye chart, standard cognitive 
tests comprising the Standardized Mini-Mental State Examination, Trail Making Tests A & 
B, Wechsler Test of Adult Reading, Dementia Rating Scale – 2, and psychiatric screens 
comprising the Beck Anxiety Inventory and the Geriatric Depression Scale. The Driving 
Anger Scale was repeated at the first assessment appointment to determine test-retest 
reliability. Participants completed the SMCTests battery comprising the substests Footbrake 
and Clutch, Ballistic Movement, Sine and Random Tracking, Arrows Perception, Divided 
Attention, Visual Search, Complex Attention and Planning. Each participant was randomly 
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assigned to complete either SMCTests or the standard cognitive measures first, to control for 
fatigue and order effects.  
On-road assessments were conducted an average of 14.6 days (SD = 11.3, range 2-41 days) 
after the off-road assessment. On-road assessment were administered by an experienced 
driving occupational therapist and a driving instructor blinded to off-road test performance, 
both from DAVAS (details of the on-road assessment are described in Chapter 5, Assessment 
Methods). 
6.1.3 Data Analysis Methods 
6.1.3.1 Testing Normality of Test Data 
The normality of the distribution of the data was assessed using the Shapiro-Wilk W test. 
Test data that was not normally distributed was examined using non-parametric statistics 
such as Mann-Whitney U tests, while normally distributed data was examined using 
parametric statistics such as t tests.  
6.1.3.2 Binary Logistic Regression (BLR) 
BLR is a modelling technique used to classify or predict a dichotomous dependent variable 
using a set of independent variables which can be continuous, ordinal, dichotomous or of 
normal or non-normal distribution (Hosmer & Lemeshow, 2000). In the current study, the 
dichotomous variable being predicted was Pass or Fail score on the on-road driving 
assessment.  
Like all modelling techniques BLR is sensitive to overfitting, which occurs when the model 
fits random variance or specific relationships found within the training data which leads to 
reduced ability of the model to generalize to a new sample (Babyak, 2004). Babyak (2004) 
has several objections to the way regression models are often utilized. These will be listed, 
and then the design of the current study will be described. 
Babyak (2004) states that choosing variables to enter into a regression model based on the 
relationship of independent variables to the dependent variable (he calls this ‘cherry picking’) 
is a post hoc strategy that greatly increases the chances that the resultant classification model 
will be over-fitted to training sample and may generalize poorly to a new sample. Babyak 
suggests that the most robust models are constructed using strong a-priori hypotheses about 
which variables will be useful in the regression model, and using these variables without 
recourse to their relationship to the independent variable in the collected data set. 
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Determining which independent variables are likely to be related to the dependent variable 
can be performed in two ways. Firstly, if there is strong a priori research base that finds 
specific independent variables to be useful, these can be entered into the model. Secondly, a 
researcher can collect data from participants and analyze the relationships between 
independent and dependent variables. Then a new independent group of participants should 
be recruited and the independent variables found to have relationships with the outcome 
variable in the first sample should be entered a priori into the model.  
Babyak (2004) has further suggestions regarding the type of regression model variable 
selection process to use. He claims that using forwards and backwards selection methods 
further increase the risk of overfitting and suggests instead that enough participants should be 
recruited in order to offer variables to the model at a ratio of one variable per 10 or 15 
participants. This would mean, for example, that a sample of 200 participants would allow 
the offering of 20 or 13 variables to the model, depending on whether the 1/10 or 1/15 ratio is 
used. Babyak says that models should then use the ‘enter’ option for these variables, meaning 
that all variables are forced into the model rather than letting the model choose which 
variables to accept as in a step-wise selection procedure. This again is supposed to reduce the 
risk of overfitting.  
Furthermore, Babyak suggests that a form of cross-validation, such as boot-strapping, should 
be run to estimate the ability of the model to generalize to new data. This is supported by 
Steyerberg et al. (2001), who found that cross-validation models provide a better estimate of 
a model’s ability to generalize to a new sample than split-half models which train a model on 
a subset of data and then test it on the held back sample, and Innes et al. (Innes et al., in 
press)  
The suggestions of Babyak certainly go against the methods used by the majority of driving 
researchers, which primarily consist of collecting data from a sample, finding the 
independent variables most associated with the dependent variable (often by choosing those 
which have significant associations with the dependent variable), offering these variables to 
the model (without necessarily taking into consideration the ratio of participants to variables 
entered), and producing a classification model without using cross-validation to test its ability 
to generalize to a new sample. These procedures undoubtedly increase overfitting, and the 
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lack of cross-validation likely leads to a large over-estimate of the ability of the resulting 
models to predict a driving outcome in a new sample.  
We were either not able to, or chose not to, follow all the suggestions of Babyak for the 
current studies. We list the processes used in constructing the BLR models for both the 
Healthy Older Drivers and Dementia and Driving study (Chapter 8) below in order to make 
our process transparent, and to openly acknowledge the potential problems that may have 
arisen. Before listing the process in steps, it should be noted that we did not have the 
resources to recruit two independent samples, one to look at the relationship between 
independent variables and the dependent variable, and another to build a model from the 
relationships found in the first sample. Neither did we have a strong set of predictors for on-
road driving ability, especially since we intended to use SMCTests which had not previously 
been used on a sample of healthy older drivers or drivers specifically diagnosed with 
Alzheimer’s dementia or MCI. Thus, we constructed and tested our model based on the 
training set and thus ‘cherry picked’ the variables that we offered to the model. The process 
we undertook was as follows: 
1. Variables were pragmatically considered not to be useful in offering to the model were 
deleted from the variable list.  
This had the effect of reducing the number of variables that would contend for possible 
inclusion into the BLR model. These decisions were made on a number of grounds, for 
example, items that would never be accepted for use in a driving assessment service to use as 
off-road predictors of driving were excluded. This included items such as the Big Five 
Personality factors, and occupation code. Variables that had an effect in the opposite 
direction from expected were also removed, as we would not be able to adequately describe 
their presence if accepted into the model. This was determined by examining the means of 
the Pass and Fail groups for normally-distributed variables and the ranked means of the Pass 
and Fail groups for the non-normally distributed variables. Some variables that were subtests 
of a larger test were excluded in favour of the total test score as this was expected to be more 
likely to generalize in a new sample. All these excluded variables were still investigated in 
terms of their relationship to the on-road assessment outcome, and could still provide useful 
information about possible inclusion in future models. 
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2. Variables were ranked by effect size. 
Since we had decided that a model would be constructed from the test data we had to have a 
way to ‘cherry pick’ the variables that were most related to the outcome. Since effect size is a 
more stable measure than statistical significance, which is dependent on sample size, effect 
size was chosen as the selection method for variables to offer to the model. 
3. Variables with high collinearity with one or more other variables were deleted. 
Multicollinearity found in the variables was examined using the ‘Collinearity diagnostics’ 
function in SPSS. These statistics measure the degree of collinearity among all variables 
entered into the equation. These relationships are independent of the relationship of variables 
to the dependent variable. The lower the tolerance value reported in the table, the more 
correlated a measure is with one or more of the other variables. Garson (2010) suggests a rule 
of thumb of Tolerance <0.20 for detecting variables with multicollinearity problems. 
Variables with the lowest tolerance values can be deleted one at a time and the analysis rerun 
until all independent variables have tolerance values of >.20. 
4. Remaining variables were offered to the model in order of effect size at the ratio of 1 
variable per 5 participants. 
We chose a ratio of variables entered to participants of 1 to 5, which is lower than that 
recommended by Babyak (2004), but has been suggested as appropriate by Tabachnik and 
Fidell (2001). This meant that, for a sample of 60 participants, 12 variables would be selected 
to be offered to the model.  
5. A model was formed using logistic regression with a backwards elimination procedure 
(criterion for entry to model p = .05, removal from model p = .10). 
We decided to retain the use of step-wise selection since the aim of the study was to find a 
subtest of tests that could be used to predict driving and we did not want to use an ‘enter’ 
method whereby variables that did not explain significant amounts of the variance in the on-
road driving assessment outcome were included. We used backwards elimination, which has 
been recommended over forwards step-wise selection (Steyerberg et al., 2003).  
6. BLR models were tested for stability and generalizability using leave-one-out cross-
validation. 
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The most important part of the data analysis was to estimate the ability of the classification 
model to generalize to a new sample. As mentioned, this is a task that is rarely completed in 
published driving research literature (discussed in detail in Section 6.3.5), but is essential to 
estimate the true predictive accuracy and usefulness of any constructed model. The method 
used was leave-one-out cross-validation, which is covered in detail in Section 6.1.3.5.  
Babyak (2004) would likely find our method insufficient for constructing a valid and 
generalizable model for predicting on-road driving Pass and Fail outcomes. He would likely 
agree, however, with the steps of pragmatic reduction of variables, checks of 
multicollinearity, and cross-validation of the model. The development of any model must be 
met with a fair amount of caution before that model has been validated on an independent 
sample. The descriptive statistics and associations between the independent and dependent 
variables are useful for determining future studies and determining which variables provide 
useful information about driving ability. 
6.1.3.3 Classification Versus Estimated Predictive Accuracy 
One of the most important purposes of a model is to generalize the results to predict future 
behaviour of an independent group of people. Modelling begins by constructing an in-
sample, or classification, model which is a parsimonious fit of independent variables in order 
to explain the score on the dependent variable. To determine whether a model is able to 
correctly predict outcomes for data not included in the original classification model it needs 
to be either tested on a new sample or investigated using statistical procedures such as boot-
strapping, n-fold, or leave-one-out cross-validation. Throughout this thesis the term 
‘classification’ is used to describe the parsimonious fitting of a model to the data it was 
trained on and ‘predictive accuracy’ or ‘estimated predictive accuracy’ is used to describe the 
process of testing the model against independent cases that it was not trained on or using 
statistical re-sampling methods in order to estimate its generalization to a new sample.  
In the current study, the relatively small size of the study sample precluded estimating 
predictive accuracy using a held back sample of data, so the ability of the classification 
models to generalize to new data was estimated using leave-one-out cross-validation (see 
Section 6.1.3.5 for an explanation of this procedure). As classification models are by 
definition optimized to the specific characteristics of the study sample, it was expected that 
the estimated predictive accuracy of the BLR model would be lower than for classification. 
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6.1.3.4 Receiver Operating Characteristic (ROC) Curve 
An ROC curve is a graphical plot of the true positive rate (sensitivity) versus the false 
positive rate (1-specificity) for classifying cases against a dichotomous dependent outcome 
measure across the range of possible cut-points for the model. An area under the curve 
(AUC) value of .50 indicates a model has no ability to discriminate between the outcome 
measure (which is Pass or Fail of the on-road assessment in the current study). A value of 1.0 
indicates perfect discrimination, with values between .50 and 1.0 indicating increasing 
strength of discrimination. The ROC curve is plotted by entering an independent variable and 
a state variable. For BLR the independent variable is the predicted probability that individual 
participants will be in the Fail group. This data is provided as part of the logistic regression 
analysis.  
6.1.3.5 Leave-One-Out Cross-Validation  
The process of leave-one-out cross-validation consists of removing each case individually 
from a sample, re-training the model on the remaining participants, and testing the prediction 
on the excluded case using the new model (Witten & Frank, 2000). The procedure is repeated 
for all cases and accuracy rates averaged across all iterations. In essence, it mimics what 
would happen if a case was not part of the training data set and, therefore, estimates how the 
model would perform given a new sample from the same population (provided the sample is 
representative of the population). The procedure is performed as many times as there are 
cases in the sample. 
Apart from estimating how the model would perform given a new sample, the process of 
leave-one-out cross-validation also provides an estimate of the stability of the model. It can 
do this because the procedure of leave-one-out cross-validation is for all variables offered to 
the full-sample classification model to be offered to all of the leave-one-out cross-validation 
iterations. With a sample size of 60 this means that all 12 variables (a ratio of 1 variable to 5 
participants) would be offered to all 60 iterations, regardless of which variables were selected 
by the full-sample classification model. This procedure allows for the stability of the full-
sample selected model to be estimated. For example, if a large proportion of the 60 iterations 
dropped measures that were included in the full-sample classification model and included 
other measures that were not accepted into this model we would be less certain of the 
stability of the constructed model as the variables included may be idiosyncratically related 
to particular participants within the sample. 
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AUC values were not calculated for models following leave-one-out cross-validation. Since 
the AUC describes the discriminative usefulness of a model we decided that calculating a 
single AUC for the culmination of different model iterations contained within a leave-one-out 
cross-validation analysis may not be statistically acceptable. 
6.1.3.6 Choice of Cut-Points for Reporting Accuracy 
Inspection of the ROC curve coordinates for each model allowed for the selection of criterion 
cut-points for classifying Pass and Fail outcomes which can be selected based on their overall 
accuracy as well as sensitivity for correctly detecting Fails and specificity for correctly 
detecting Passes. From the range of cut-points available, it was decided that two cut-points 
would be inspected for each model. The first cut-point assessed would be the default cut-
point for a Fail score of 0.5 for the BLR. The second would be the cut-point that represented 
the highest value of sensitivity and specificity when averaged together.  
We were also interested in the negative predictive value (false negatives) and positive 
predictive value (false positives) of each cut-point. The negative predictive value represents 
the proportion of all participants predicted to Pass who were actual Passes and the and the 
positive predictive value represents proportion of all participants predicted to Fail who were 
actual Fails. These values are dependent on the base rate of Passes in the population. Due to 
differences in reported Pass and Fail rates on on-road tests in the literature the Pass rate found 
in the current study will be used as the base rate for calculation of negative and positive 
predictive values. Ideally we would want the positive and negative predictive values of the 
cut-points to be as high as possible as false positive detections lead to unnecessary on-road 
assessments and false negative lead to Fails being classified as Passes and allowed to 
continue driving. 
6.1.3.7 Terminology for Reporting Accuracy Statistics 
Throughout this thesis the terms ‘sensitivity’, ‘specificity’, ‘accuracy’, ‘positive predictive 
value’, and ‘negative predictive value’ are used to present a consistent definition of the 
performance of the models discussed (Table 6-2).  
The term ‘accuracy’ is used to denote the proportion of participants who were correctly 
classified as Pass and Fail on the dependent measure (i.e., on-road driving assessment). With 
reference to Table 6-2, this is determined by the equation ‘accuracy’ = a+d / (a+b+c+d)  
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Table 6-2.  A representation of the values used to determine values reported as accuracy statistics 
 Predicted outcome 
Observed outcome Pass Fail 
Pass a b 
Fail c d 
 
The term ‘sensitivity’ is the ‘true positive’ rate and is used to denote the proportion of 
participants who failed the on-road assessment who were correctly classified as Fail on the 
dependent measure. With reference to Table 6-2, this is determined by the equation 
‘sensitivity’ = d / (c+d). 
The term ‘specificity’ is the ‘true negative’ rate and is used to denote the proportion of 
participants who passed the on-road assessment who were correctly classified as Pass on the 
dependent measure. With reference to Table 6-2, this is determined by the equation 
‘specificity’ = a / (a+b). 
The term ‘positive predictive value’ (also known as ‘selectivity’) is the ‘false positive’ rate 
and is used to determine the proportion of participants classified as Fail who actually go on to 
Fail on the dependent measure. With reference to Table 6-2, this is determined by the 
equation ‘positive predictive value’ = d / (b+d). 
The term ‘negative predictive value’ is the ‘false negative’ rate and is used to determine the 
proportion of participants classified as Pass who actually go on to Pass on the dependent 
measure. With reference to Table 6-2, this is determined by the equation ‘negative predictive 
value’ = a / (a+c). 
6.2 Results 
6.2.1 On-Road Assessment 
Sixteen of the 60 participants (27%) failed the on-road driving assessment with no difference 
in failure rates between males and females (7 males, 9 females; Fisher’s Exact Test, two-
tailed p = .77). The mean age of the Fail group was 77.8 years and 76.3 years for the Pass 
group (Mann-Whitney U test, two-tailed, z = -1.15, p = .25). Fifty-nine participants 
completed the assessment in a familiar vehicle, with only one participant choosing to drive an 
unfamiliar car as he wanted to complete testing on a manual-transmission vehicle rather than 
the automatic-transmission vehicle he was currently driving. Table 6-3 summarizes the 
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results of the Pass and Fail groups, including the number of drivers rated at each level of the 
driving scale score. 
The driving scale scores cluster around the centre of the scale, with 60% of the sample 
receiving a score of either 5 or 6, just on either side of the Pass/Fail divide with a score of  7 
being the second most common score after the mode score of 6. 
Cronbach’s α was calculated for several ordinal scales in order to determine the internal 
consistency of the measures. Cronbach’s α increases as intercorrelations among test items 
increase and is generally thought to measure how well individual items in a scale are 
measuring a unitary construct, i.e., whether items in a depression scale all appear to be 
measuring a construct of depression rather than an unrelated construct. 
Table 6-3.  Characteristics of on-road assessment Pass and Fail groups 
  
Driving 
Scale score 
Number of 
participants Total Sex Age 
0 0 
1 0 
2 2 
n=9 females (30% of 
females) 
3 3 
4 2 
Fa
il 
5 9 
n=16 Fail  
(26.7% of sample) 
n=7 males (23.3% of 
males) 
Mean age  
77.81 years 
6 27 
7 12 
n=21 females (70% 
of females) 
8 4 
9 1 
Pa
ss
 
10 0 
n=44 Pass  
(73.3% of sample) 
n=23 males (76.7% 
of males) 
Mean age  
76.25 years 
 
When a scale is designed to measure a hypothesized unitary construct we would expect 
Cronbach’s α to be approximately 0.80 or higher indicating that the sum of individual test 
items appear to be measuring a singular construct. The achieved Cronbach’s α values were: 
Geriatric Depression Scale α = .79; Beck Anxiety Inventory α = .81; Driver Anger Scale first 
administration α = .91; Driver Anger Scale second administration α = .92; Big Five Inventory 
Extraversion subscale α = .80;  Big Five Inventory Conscientiousness subscale α = .84; Big 
Five Inventory Neuroticism subscale α = .70; Big Five Inventory Openness to Experience 
subscale α = .73. With the exception of the Big Five Neuroticism and Openness to 
Experience subscales, the α values for the ordinal measures were high and therefore we can 
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have some confidence that the items are measuring a singular construct in this older age 
sample. 
Data from the first and second administrations of the Driving Anger Scale were correlated to 
investigate the form’s test-retest reliability. The second administration of the scale was 
performed an average of 10.7 days (SD = 11.3, range 0-49) after the first. A Pearson’s 
correlation was performed with a result of r = .80 indicating a moderately strong relationship 
between scores of the first and second administrations. This moderately strong test-retest 
reliability along with a high Cronbach’s α value indicates that the Driving Anger Scale 
appears to be suitable for use in an older age sample. 
Next, test data were tested for normality, with 78% of test measures returning significant 
Shapiro-Wilk W scores, indicating that the majority of the data were not normally distributed 
and therefore would violate the assumption of normality required for parametric testing. 
These results are displayed in Appendix N. 
6.2.2 Pass and Fail Groups: Significant Differences and Effect Sizes 
Details of the relationships between independent variables and on-road Pass and Fail score 
are given in Table 6-4, Table 6-5, and Table 6-6 along with Cohen’s effect sizes for 
parametric data and Cohen’s effect-size for rank-transformed variables for non-parametric 
data (Hopkins, 2004). A positive effect size means that a higher score was associated with an 
increased likelihood of failing the on-road assessment, and a negative effect size means that a 
lower score was associated with an increased likelihood of failing the on-road assessment. 
Positive and negative effect sizes do not represent whether higher or lower scores are ‘better’ 
or ‘worse’. This designation must be made on the basis of each measure, e.g., a higher 
reaction time or error score is ‘worse’ while a higher peak velocity or Wechsler-type scaled 
score is ‘better’. 
Two non-normally distributed measures were significantly different between Pass and Fail 
groups. These were Trail Making Test B with the Fail group having longer completion times 
(z = -2.567, p = .010) and the SMCTests measure Random Tracking run 1 with the Fail group 
having a higher error score (z = -2.340, p = .019).  
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Table 6-4.  Comparison of on-road Pass and Fail groups for non-normally distributed standard off-road 
tests using Mann-Whitney U tests. 
Test Measure 
Median for 
Pass group 
(n=44) 
Median for 
Fail group 
(n=16) 
Mann-
Whitney U 
p-value 
(*p<.05) 
Cohen-
type 
effect 
size1 
Gender (1 = male, 2 = female) 1.0 2.0 .563 0.17 
Age (years) 76.0 78.0 .251 0.35 
Age Grouping (1 = 70-74, 2 = 75-79, 3 = 80+) 2.0 2.5 .156 0.41 
Handedness (1 = right, 2 = left) 1.0 1.0 .216 -0.44 
Years of education 13.0 14.0 .650 0.14 
Occupation code (range 1-8 - higher = more professional 
occupation) 2.0 2.5 .199 0.38 
Km driven last 12 months 7310 7176 .341 -0.27 
Vision2     
 Left eye 9.0 9.0 .888 0.04 
 Right eye 6.0 7.5 .508 0.20 
 Binocular 6.0 6.0 .545 0.17 
Road sign test (no correct) 12.0 10.5 .432 -0.23 
Mini-Mental State Exam 29.0 28.5 .701 -0.11 
Geriatric Depression Scale 3.0 2.5 .637 0.12 
Beck Anxiety Inventory 4.0 3.5 .403 0.25 
Driving Anger Scale time 2  32.0 30.0 .200 -0.40 
Trail Making Test A (s) 32.0 37.0 .055 0.58 
Trail Making Test B (s) 88.5 111.5 .010* 0.80 
Wechsler Test of Adult Reading (estimated IQ score) 112.5 110.5 .610 -0.15 
1The Cohen’s-type effect size is calculated using the mean ranks of Pass and Fail groups (Hopkins, 2004). 
Positive effect sizes show that a higher score on the measure was related to an increased likelihood of failing the 
on-road assessment, while negative effect sizes show a lower score on the measure was related to an increased 
likelihood of failing the on-road assessment. Median scores do not necessarily represent the direction of the effect 
as this is based on a calculation that utilizes mean ranks rather than the median value.  2Rated using a Snellen eye 
chart with a score of 6 equal to a metric 6/6 vision (20/20). 
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Table 6-5.  Comparison of on-road Pass and Fail groups for non-normally distributed SMCTests using 
Mann-Whitney U tests 
Test Measure 
Median 
for Pass 
group 
(n=44) 
Median 
for Fail 
group 
(n=16) 
Mann-
Whitney 
U p-value 
(*p<.05) 
Cohen-
type 
effect 
size1 
Footbrake and Clutch Test      
 Mean reaction time (ms) 2965 295 .920 0.29 
 Mean movement time (ms) 280 304 .947 -0.02 
  Total reaction and movement times (ms) 578 583 .933 -0.02 
Ballistic Movement Test      
 Reaction time, right hand (ms) 344 354 .802 0.07 
 Reaction time, left hand (ms) 333 337 .616 0.15 
 Reaction time, grand mean (ms) 342 349 .802 0.07 
 Movement time, right hand (ms) 231 212 .504 -0.19 
 Movement time, left hand (ms) 231 223 .967 0.01 
 Movement time, grand mean (ms) 229 218 .593 -0.16 
 Total reaction and movement times, right hand (ms) 565 577 .821 -0.07 
 Total reaction and movement times, left hand (ms) 570 570 .658 0.13 
  Total reaction and movement times, grand mean (ms) 575 586 .987 0.00 
Tracking Tests      
 Sine tracking run 1 error (mm) 13.7 17.7 .120 0.46 
 Sine tracking run 2 error (mm) 8.1 9.8 .087 0.52 
 Random tracking run 1 error (mm) 7.3 9.9 .019* 0.71 
  Random tracking run 2 error (mm) 7.5 9.1 .096 0.50 
Arrows Perception Test      
  Number of arrows correct 12.0 11.5 .064 -0.53 
Divided Attention Test      
 Tracking error (mm) 8.3 8.6 .336 0.28 
 Number of arrows correct 12.0 12.0 .847 -0.05 
  Omission of arrows response 0.0 0.0 1.000 -0.21 
Complex Attention test      
 Reaction time (ms) 414 450 .362 0.26 
 Movement time (ms) 293 276 .802 -0.07 
 Reaction time standard deviation (ms) 124 121 .380 0.25 
 Movement time standard deviation (ms) 44 42 .847 0.06 
 Number of lapse errors 0.0 0.0 .791 0.07 
  Number of invalid trials 0.0 0.0 .093 -0.61 
Continued on following page 
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Continued from previous page 
Test Measure 
Median 
for Pass 
group 
(n=44) 
Median 
for Fail 
group 
(n=16) 
Mann-
Whitney 
U p-
value 
(*p<.05) 
Cohen-
type 
effect 
size1 
Planning Test      
 Duration of positional faults (s) 5.9 5.3 .987 -0.01 
 Distance travelled (m) 4.9 4.7 .315 -0.29 
 Number of hazards hit 2.0 2.0 .823 -0.07 
 Number of crashes 1.0 1.0 .428 +0.23 
1The Cohen’s-type effect size is calculated using the mean ranks of Pass and Fail groups (Hopkins, 2004). 
Positive effect sizes show that a higher score on the measure was related to an increased likelihood of failing the 
on-road assessment, while negative effect sizes show a lower score on the measure was related to an increased 
likelihood of failing the on-road assessment. Median scores do not necessarily represent the direction of the 
effect as this is based on a calculation that utilizes mean ranks rather than the median value.  
 
6.2.3 Classification of On-Road Pass and Fail 
Selection of variables that were offered to the BLR model followed the process described in 
Section 6.1.3.2. First, pragmatic decisions were made about the variables that would be 
excluded from being offered to the model. A list of these 29 measures along with the reasons 
for exclusion can be found in Appendix O. 
The remaining variables were ranked by effect size. The next step was to examine the 
tolerance levels of the variables using the SPSS function ‘Collinearity diagnostics’. The 
effect sizes were ranked and the top 20 independent variables that were related to the 
dependent Pass/Fail outcome were checked for collinearity. 
Three independent variables were deleted due to tolerance values <0.2 (see Section 6.1.3.2 
for a description of tolerance testing and cut off values). The three deleted variables were age 
grouping, Random tracking run 2, and Complex Attention reaction time. Of the remaining 7 
variables, the 12 variables with the highest effect size were chosen to be offered to model, 
with seven of those measures being from the SMCTests battery. In order of highest to lowest 
effect size these variables were: Trail Making Test B, Random tracking run 1, Trail Making 
Test A, Arrows perception number of arrows correct, Sine tracking run 2, Sine tracking run 
1, Dementia Rating Scale -2 AEMSS, Age, Planning intersection safety margin, Visual 
Search number correct, Planning distance travelled, and Divided Attention tracking. 
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Table 6-6.  Comparison of Pass and Fail on-road groups for normally distributed variables using t-tests. 
Test Measure 
Mean for 
Pass 
group 
(n=44) 
Mean 
for Fail 
group 
(n=16) 
t-test 
p value 
(*p<.05) 
Cohen's 
d effect 
size1 
Years of driving 55.0 55.6 0.790 0.08 
Driving Anger Scale time 1 33.2 31.8 0.609 -0.15 
Big Five Inventory      
 Extraversion 26.6 23.5 0.064 -0.55 
 Agreeableness 38.4 36.8 0.173 -0.40 
 Conscientiousness 37.3 34.8 0.136 -0.45 
 Neuroticism 18.5 18.1 0.740 -0.08 
 Openness to experience 35.1 35.6 0.793 0.08 
Dementia Rating Scale -2 AEMSS† 11.1 10.1 0.205 -0.37 
Ballistic Movement Test      
 Peak velocity, right hand (ms) 951 972 0.717 0.11 
 Peak velocity, left hand (ms) 937 935 0.970 -0.01 
  Peak velocity, grand mean (ms) 944 954 0.857 0.05 
Visual Search Test      
 Mean reaction time (s) 4.8 5.0 0.390 0.26 
  Number correct 15.5 14.8 0.306 -0.30 
Complex Attention test      
  Total mean movement and reaction times (ms) 739 768 0.474 0.21 
Planning Test      
 Lateral road position error (mm) 2.7 2.7 0.569 0.17 
  Intersection safety margin (mm) 40.6 36.6 0.311 -0.30 
1Positive effect sizes show that a higher score on the measure was related to an increased likelihood of failing 
the on-road assessment, while negative effect sizes show a lower score on the measure was related to an 
increased likelihood of failing the on-road assessment. 
 
The 12 measures were entered using a step-wise backwards elimination procedure. The 
model accepted one SMCTests measure – Random Tracking 1 – and one cognitive test 
measure – Trail Making Test B. These measures accounted for 25% of the variance in the on-
road outcome (Nagelkerke R2). The ROC AUC for the BLR model was .76 (z = 3.47; p  
<.001, 95% CI: .64–86). The sensitivities, specificities and total classification accuracies of 
the BLR across a range of cut-points are reported in Table 6-7. 
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Table 6-7.  The sensitivities, specificities and overall classification accuracies of the BLR model at 
different cut-points including the ‘Default’, and ‘Optimized’ cut-points 
Criterion1 Sensitivity (%) 
Specificity 
(%) 
Mean Sensitivity 
& Specificity (%) Accuracy (%) 
≥ 0.10 100.0 15.9 58.0 38.3 
≥ 0.20 75.0 59.1 63.3 67.1 
≥ 0.26 ‘Optimized’ 68.8 75.0 71.9 73.3 
≥ 0.30 62.5 79.6 71.0 75.0 
≥ 0.40 43.8 88.6 66.2 76.7 
≥ 0.50 ‘Default’ 31.3 95.5 63.4 78.3 
≥ 0.60 25.0 97.7 61.4 78.3 
≥ 0.70 18.8 97.7 58.2 76.7 
≥ 0.80 6.3 97.7 52.0 73.3 
≥ 0.90 6.3 100.0 53.1 75.0 
1Criteria displayed are the predicted probabilities of receiving a Fail score.  
 
As described in Section 6.1.3.6, two cut-points were compared for each model. Using a 
default criterion value of ≥0.5 for detecting fails (‘Default’ cut-point), the model correctly 
classified 47 of 60 participants (78.3%) into on-road Pass or Fail groups, with a negative 
predictive value of 79.3%, and positive predictive value of 71.4%. The cut-point for the 
highest mean sensitivity and specificity value (mean = 71.9%, cut-point = 0.26, ‘Optimized’ 
cut-point) correctly classified 44 of 60 participants (73.3%) into on-road Pass or Fail groups 
with a negative predictive value of 86.8%, and positive predictive value of 50.0%.  
The 60 iterations generated by leave-one-out cross-validation reduced the accuracy of the 
‘Default’ cut-point from 78.3% to 70.0%, sensitivity from 31.3% to 12.5%, specificity from 
95.5% to 90.9%, negative predictive value from 79.3% to 74.1%, and positive predictive 
values from 71.4% to 33.3%. Applying leave-one-out results to the ‘Optimized’ cut-point 
reduced overall accuracy from 73.3% to 60.0%, sensitivity from 68.8% to 43.8% (11 to 7 of 
the 16 Fails), specificity from 75.0% to 60.0%, negative predictive value from 86.8% to 
76.3%, and positive predictive value from 50.0% to 31.8%. For a summary of these results 
see Table 6-8                                                         .
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Table 6-8.  The sensitivities, specificities and overall classification accuracies of the BLR model at three different cut-points for classification models along with 
their accuracy following leave-one-out cross-validation 
Classification Following leave-one-out cross-validation  
Model Sensitivity 
(%) 
Specificity 
(%) 
Negative 
predictive 
value (%) 
Positive 
predictive 
value (%) 
Accuracy 
(%) 
Sensitivity 
(%) 
Specificity 
(%) 
Negative 
predictive 
value (%) 
Positive 
predictive 
value (%) 
Accuracy 
(%) 
BLR           
 ‘Default’ cut-point 31.3 95.5 79.3 71.4 78.3 12.5 90.9 74.1 33.3 70.0 
 ‘Optimized’ cut-point 68.8 75.0 86.8 50.0 73.3 43.8 65.9 76.3 31.8 60.0 
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Of the 60 iterations of the leave-one-out cross-validation, nine contained a different set of 
measures from Random Tracking run 1 and Trail Making Test B that were utilized in the 
overall classification model. Random Tracking run 1 appeared in all but one of the iterations, 
while Trail Making Test B was left out of 6 iterations. The Dementia Rating Scale -2 
AEMSS was the most frequent measure to enter a model, with an appearance in 7 iterations. 
Divided Attention tracking was utilized in 3 iterations, Arrows perception number of arrows 
correct in 2, and Sine tracking run 1, Planning intersection safety margin, and Planning 
distance travelled in one iteration each. While most of the iterations employed two or three 
tests, one iteration included 8 measures and incorrectly predicted that a driver with an on-
road Fail score would Pass. 
Since only two variables entered the BLR model, the assessment could be completed in 
around 15 minutes and would require the use of one cognitive test (Trail Making Test parts A 
& B, with Trail Making Test part A being a necessary forerunner to part B) and two of the 
four Tracking Tasks (Sine Tracking run 1 and Random Tracking run 1, with Sine Tracking 
run 1 being a necessary forerunner and training test for the completion of Random Tracking 
run 1 which is included in the BLR model). 
6.3 Discussion 
6.3.1 Associations Between Independent Variables and On-Road Outcome 
The independent variables with the largest effect sizes between Pass and Fail groups were the 
Trail Making Test B (Cohen-type effect of 0.80) and Random Tracking run 1 (0.71). The 
majority of effect sizes were in the small to moderate range (0.20 – 0.50) indicating that there 
were few measures that separated groups to a potentially useful degree. This is not 
particularly surprising given that the participants were screened to be ostensibly cognitively 
healthy. 
6.3.2 Classification of On-Road Driving Ability 
Using the ‘Default’ cut-point of 0.5, BLR utilized TMT B completion time and Random 
Tracking 1 to correctly classify 78.3% of the participants into on-road Pass or Fail groups. 
This value is only marginally higher than the rate that would have been achieved by 
predicting that every driver would Pass (44 passed, 73.3% of the sample). The ‘Optimized’ 
cut-point had a higher sensitivity but a lower specificity with a subsequently lower accuracy 
of 73.3%.  
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Random Tracking run 1, one of the tests selected by the BLR model, measures visuomotor 
planning and execution, with lower accuracy scores associated with an increased likelihood 
of an on-road Fail outcome. Random Tracking run 1 is performed after Sine Tracking run 1, 
which many participants find difficult initially. This is usually resolved by the end of the 
trial. Thus, Random Tracking run 1’s ability to classify driving ability may reflect either 
difficulties with visuomotor control or with delayed learning of the tracking task that extends 
past the first tracking trial. The other test selected by the BLR model, Trail Making Test B, 
consists of visual scanning, sequencing, and task-switching, with greater time to completion 
associated with a Fail score. As Trail Making Test B is a sensitive detector of cognitive 
impairment, lower scores on this test could indicate the presence of undetected cognitive 
impairment. 
As expected, the accuracy of the BLR model was reduced following leave-one-out cross-
validation for both cut-points. The model suffered primarily in sensitivity for predicting Fails 
with specificity less affected. The drops in accuracy following leave-one-out cross-validation 
emphasises the importance of investigating models beyond classification in order to estimate 
their stability and likely performance in an independent sample.  
To be used in a practical setting, considerations of the appropriate recommended cut-point 
would depend on factors such as the cost of more comprehensive driving assessment, and the 
percentage of Passes that would initially be flagged for further, unnecessary, testing. This 
information is provided by the negative and positive predictive values. The negative 
predictive value indicates the percentage of predicted Passes that would actually Pass the on-
road assessment. Following leave-one-out cross-validation these values ranged between 
74.1% and 76.3% for the two cut-points. This suggests that around 25.0% of examinees 
predicted to Pass would actually Fail the on-road assessment. The positive predictive values 
show the percentages of examinees predicted to Fail who would actually Fail the on-road 
assessment. The range of 31.8% to 33.3% depending on the cut-point indicates that around 
67% of participants predicted to Fail would actually Pass the on-road assessment. It is clear 
that potentially testing so many predicted Fails with an on-road assessment only to find that 
two thirds are actually Passes would be an inefficient use of driving assessment resources for 
older drivers who have no diagnosed cognitive impairment and limits the usability of the 
model. 
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6.3.3 Generalization of the Results  
There are several reasons why those participating in the study may not have come from the 
general population of older drivers. Firstly, many of the participants came from church 
groups, social groups, and exercise groups. Thus, drivers not participating in such social 
activities were less likely to be approached for participation. Secondly, many participants 
were recruited via word-of-mouth from participants already in the study. Once again, those 
with fewer social contacts will have been less likely to be asked to participate. Thirdly, on-
road driving assessments can be anxiety provoking, and many drivers who had the research 
proposed to them may have declined to participate due to concerns about completing a 
driving assessment. Also, the study design was quite demanding, with participants required to 
attend an approximately three hour testing session and a one-hour driving assessment on 
separate days. It may be that those who participated in the study were more conscientious on 
average than the general population of healthy older drivers. 
It is also likely that some of the participants were not cognitively healthy, especially since  
dementia prevalence has reported rates between 13% and 43% in the 80 to 89 age group, 
increasing exponentially per year within this age range (Ritchie & Kildea, 1995; De Ronchi 
et al., 2005; Plassman et al., 2007). Inclusion criteria for the study stated that participants did 
not have a diagnosed cognitive impairment. Some participants are likely to have had 
undiagnosed impairments due to problems not being discussed with a person’s general 
practitioner, or due to sub-clinical deterioration. The researcher suggested that one participant 
mention the detection of possible memory impairments to his GP. He was subsequently sent 
for a cognitive assessment and diagnosed with dementia. This did not violate our inclusion 
criteria as he had no diagnosis at the time of the testing and, hence, would have been 
considered to be within the population of low-risk older drivers by his GP. The sample were 
subsequently followed for 24 months as detailed in Chapter 7 as part of the Healthy Driver 
Follow-up during which time three participants reported having a stroke, four reported 
having a head injury and one reported being diagnosed with Parkinson’s disease (see Section 
7.2.4 for details of reported medical conditions). It could be expected that Participants with 
subsequent strokes and Parkinson’s disease and dementia may have been impaired at the time 
of testing for the current study (of these participants the three who had a stroke received a 
Pass score and the one with Parkinson’s and one with dementia both received a Fail score). 
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However, once again the lack of diagnosis at the time of testing allowed their inclusion in the 
study. 
Because of potential limitations in the recruiting process, the predictive value assigned to the 
individual tests used in the BLR models could be lower or higher for the general population 
of healthy older drivers. 
6.3.4 Errors in Prediction of On-Road Assessment Outcome 
There are several areas where errors in on-road prediction may have arisen. Firstly, it is likely 
that there are variables that have an impact on driving that were not measured in the study. 
These could include propensity to become anxious during the on-road assessment, the impact 
of personality traits such as sensation seeking and subsequent effects of risk-taking, and lack 
of road rules knowledge that could lead to the commission of errors that could affect the on-
road driving outcome.  
Secondly, there are differences in the ways that known or unknown medical conditions may 
have affected people’s driving ability. Although the sample excluded people with known 
neurological conditions or moderate to serious head injuries, illnesses such as cancer and 
heart disease were common and, as discussed in Section 6.3.3, cognitive disorders may have 
been present yet undetected at the time of testing. The individual extent to which a medical 
illness may have affected a participant’s driving performance cannot be known. Also, the 
abilities of participants to learn and perform cognitive and SMCTests are likely to be 
different. The skills involved in driving are well practised and to a large degree performed 
with little conscious effort, yet the fluid thinking required to learn and complete new tasks 
may vary between people. Some may have found it difficult to learn new tasks but have had 
no problem with the automatic skills associated with driving. Thus, difficulties with novel 
off-road tests may not correlate well with performance in the over-learned and mostly 
automatic task of driving. 
Thirdly, the on-road driving assessment may itself have contained errors and, as detailed in 
Section 3.8, like most on-road driving assessment the Pass and Fail outcome was not based 
on pre-defined error lists and cut-off scores to decide whether a safe level of driving had been 
reached. There were also differences in the on-road driving conditions and experiences 
between participants. Although each person was taken on the same driving route, daily 
driving conditions varied from fine and sunny, to cold and raining. Assessments also 
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occurred at different times of the day, and during different times of the year (August through 
December). The different road conditions encountered likely made some assessment drives 
more challenging than others.  
Fourthly, BLR may not have been the best model for determining on-road Pass and Fail 
outcome. Perhaps a more computationally advanced model could have better taken into 
account subtle changes and interactions between variables that could result in a more 
accurate prediction. This possibility was tested in a recent study from our research group 
(Innes et al., in press) that investigated the accuracy of five non-parametric modelling 
techniques (BLR, nonlinear causal resource analysis, product kernel density, kernel product 
density, and support vector machine) along with one parametric measure (discriminant 
analysis) in utilizing SMCTests measures to predict on-road assessment Pass/Fail outcome in 
a group of 501 drivers referred due to brain disorders (163 suspected or probable dementia, 
153 stroke, 113 traumatic brain injury, 27 Parkinson’s disease, 9 brain tumours, and 36 other 
neurological disorder). The six classification models had ROC AUC values between 0.80 and 
0.99, with product kernel density and support vector machine models correctly classifying 
over 99% of the group into Pass and Fail outcomes (41% of the sample failed the on-road 
assessment). Following leave-one-out cross-validation, the percentage accuracies of the 
product kernel density and support vector machine models dropped to the mid 70s, with the 
estimated predictive accuracies of all models falling between 71.0% and 75.8%. Thus, Innes 
et al. (in press) found that the classification accuracy of even advanced computationally 
complicated models performed similarly with more basic models such as BLR and 
discriminant analysis following leave-one-out cross-validation. It is therefore likely that the 
BLR model used in the current was similar in accuracy compared to other available 
modelling techniques.  
Finally, the lack of consequences for poor performance could have influenced some drivers 
to drive with less care than they would have had the serious repercussions of a Fail outcome 
been possible. This could have caused a disconnect between generally good off-road testing 
scores and a poor on-road performance which belies the participant’s actual ability to drive 
safely. 
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6.3.5 Comparison with Classification Models of Driving in the Literature 
Few studies have investigated the driving ability of predominantly healthy older drivers in 
enough detail to derive levels of sensitivity and specificity for predicting a Fail or ‘unsafe’ 
driving score. Table 6-9 displays results from the current study as well as four independent 
studies, one of which investigated three different assessment batteries (Monash University 
Accident Research Centre, 2004). The studies contain a mixture of cognitive, physical and 
sensory-motor measures, with the Useful Field of View test utilized in the De Raedt and 
Ponjaert-Kristoffersen (2000), Stav et al. (2008) and Monash University Accident Research 
Centre (2004) studies. The Wood et al. (2008) study is the closest in design to the current 
study, with similar reported rates of sensitivity and specificity. The variance accounted for by 
the BLR model of .26 is also very close to the value for the current study of .25.  
The Monash studies recruited New Zealand adults aged 80 and over who were in the process 
of completing an on-road driving assessment in order to renew their drivers licence. The 
sample would have included both cognitively healthy and unhealthy participants, and 
participants were not excluded due to medical conditions. The authors provide tables 
depicting the range of cut-off scores for each model with their respective overall accuracies, 
sensitivities, specificities, positive and negative predictive power and false positive and 
negative rates. The authors of this study highlighted the cut-points with the maximum 
balance of sensitivity and specificity, which are reported in Table 6-9. On average the 
Monash studies found much lower rates of overall accuracy as well as sensitivity and 
specificity compared to the Wood et al. and Healthy Older Drivers studies. Despite this, the 
authors of the Monash studies conclude that all three of the assessment batteries had strong 
relationships to the on-road performance of their participants and could be useful as 
screening tests within a licensing renewal context. No estimation of predictive accuracy was 
performed, so there is no way to tell how stable these models may be. The DriveABLE 
assessment battery was not able to be broken into its separate test measures and, hence, only 
the total score was offered to the regression model.  
The De Raedt and Ponjaert-Kristoffersen (2000) and Stav et al. (2008) studies did not 
classify participants as ‘safe’ or ‘unsafe’ following their on-road assessment, but rather 
predicted the outcome of their rating on a continuous driving scale. Thus, sensitivities and 
specificities cannot be reported but both show a much higher values for variance accounted 
for (0.64 and 0.44 respectively) than the other studies in Table 6-9. In some part, this higher 
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variance accounted for will be due to the variables being better able to utilize variance to 
model a continuous outcome rather than a dichotomous outcome. In both the De Raedt and 
Ponjaert-Kristoffersen and Stav et al. studies, the participant group comprised some people 
who had been referred for a driving assessment, suggesting that their sample likely contains 
participants at higher risk of unsafe driving compared to the Healthy Older Drivers and Wood 
et al. (2008) studies. Also, some participants in the Stav et al. study had MMSE scores below 
24 indicating that some were likely cognitively-impaired In the Stav et al. study on-road 
driving assessors were not blinded to the off-road testing results which introduces bias into 
the on-road rating system. 
Only the Wood et al. (2008) study went beyond classification in order to approximate how 
their model would generalize to a new sample as shown in Table 6-10  Leave-one-out cross-
validation and testing the model on a holdout sample of 20% of participants both produced 
sensitivities and specificities very close to, and in some cases higher than, the levels found in 
their classification model. This is in contrast to the drops in sensitivity and specificity found 
in the Healthy Older Drivers classification models. This is likely due to the larger sample size 
of the Wood et al. study which led to the construction of a more stable classification model. It 
could also be that the measures that entered the Wood et al. model were truly more useful in 
prediction of driving ability than those used in the current study. Finally, the on-road 
assessment used by the authors could have been more reliable than the assessment used in the 
current study which could have increased the ability of predictor variables to form a more 
accurate model. 
                                              .    
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Table 6-9.  Comparison of the current study’s classification models to other classification models with predominantly cognitively healthy older adult drivers. 
Reference Statistical Model Measures in Model Accuracy Sensitivity  Specificity  
Variance 
Accounted 
for (R2) 
n 
Mean 
Age of 
Sample 
Healthy Older Drivers 
(the current study) 
Binary logistic 
regression 
Sensory-motor tracking task, Trail Making 
Test B 73.3%
1
 68.8%1 75.0%1 0.25 60 76.7 
Wood et al. (2008) 
 
Binary logistic 
regression 
Reaction time, motion sensitivity, postural 
sway, self-reported kms driven per week 73.7% 91.0% 70.0% 0.26 270 75.8 
Monash University 
Accident Research 
Centre (2004) 
Binary logistic 
regression 
Five measures from the GRIMPS2: rapid-
pace walk, foot-tap test, delayed word 
recall, Trail Making Test B, visual acuity 
62.1%3 70.1%3 58.4%3 N/S4 284 82.45 
Monash University 
Accident Research 
Centre (2004) 
Binary logistic 
regression 
Three measures from the CALTEST6: 
autotrails, Useful Field of View – divided 
attention, Useful Field of View – selective 
attention 
67.6%3 56.3%3 71.5%3 N/S4 284 82.45 
Monash University 
Accident Research 
Centre (2004) 
Binary logistic 
regression 
Total score from the DriveABLE 
computerized test battery 59.9%3 65.3%3 57.9%3 N/S4 300 82.45 
De Raedt and Ponjaert-
Krisoffersen (2000) 
 
Multiple 
regression 
Movement perception, Useful Field of 
View, cognitive flexibility, selective 
attention 
 
N/S4 N/S4 N/S4 0.64 84 78.6 
Stav et al. (2008) Multiple 
regression 
Contrast sensitivity, rapid-pace walk, 
Useful Field of View, MMSE total score N/S
4
 N/S4 N/S4 0.44 123 75.3 
1Percentages are given for the cut-point with the highest average of sensitivity and specificity. 2GRIMPS = Gross Impairments Screening Battery of General Physical 
and Mental Abilities 3Percentages are given for the cut-point with the highest average of sensitivity and specificity 4N/S = not stated and unable to be computed from 
provided data. 5The sample was a subset of a larger sample of 852 participants with a mean age of 82.4. 6CALTEST = Department of Motor Vehicles, California test  
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Table 6-10.  Comparison of the current study’s estimated predictive accuracy compared to the estimation of predictive accuracy of other studies using samples of 
predominantly cognitively healthy older adult drivers 
Reference Method of estimating predictive 
accuracy Measures in Model Accuracy Sensitivity Specificity n 
Mean 
Age of 
Sample 
Healthy Older Drivers 
(the current study) 
Leave-one-out cross-validation of 
binary logistic regression model 
12 measures were offered, with 
most iterations utilizing a sensory-
motor tracking task and Trail 
Making Test B 
60.0%1 43.8%1 65.9%1 60 76.7 
Wood et al. (2008) 
 
Leave-one-out cross-validation of 
binary logistic regression model 
Reaction time, motion sensitivity, 
postural sway, self-reported km 
driven per week 
73.7% 87.0% 71.0% 270 75.8 
Wood et al. (2008) 
 
Testing model against 20% holdout 
sample 
Reaction time, motion sensitivity, 
postural sway, self-reported km 
driven per week 
74.4% 92.0% 71.0% 270 75.8 
1Percentages are given for the cut-point in the classification model with the highest average of sensitivity and specificity.  
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6.4 Review of Study Hypotheses 
Given the results of the study, it is possible to address the hypotheses outlined in Section 4.1. 
1. A combination of standard cognitive tests and SMCTests measures will provide on-road 
Pass and Fail accuracy statistics higher than that achieved by previous studies. 
This hypothesis is not supported as the current study’s classification model was lower than 
the accuracy of Wood et al. (2008), particularly following leave-one-out cross-validation. 
The BLR model in the current study performed better at classifying on-road assessment 
outcome than the Monash University Accident Research Centre (2004) studies. 
The current study is not as easy to compare to studies of De Raedt and Ponjaert-Kristoffersen 
(2000) and Stav et al. (2008) since participant samples likely contained more impaired people 
in these studies. Because the authors of these studies used multiple regression rather than 
binary logistic regression, sensitivities and specificities could not be calculated, and measures 
of variance accounted for may be higher due to predicting a continuous rather than a 
dichotomous outcome.  
2. Participants with a higher score on the Driving Anger Scale will be more likely to Fail an 
on-road driving assessment. 
This hypothesis was not supported as neither administration of the Driving Anger Scale was 
significantly related to Pass and Fail groups, with effect sizes of 0.15 and 0.40 respectively. 
In any case, the direction of the effects were opposite from expected with the Pass group 
having higher scores than the Fail group.   
6.5 Summary 
Sixty drivers with no diagnosed cognitive disorder aged 70-84 years (mean age 76.7, 50% 
male), performed standard cognitive tests, computerized sensory-motor and cognitive tests 
(SMCTests™), and measures of personality to form classification models of on-road 
assessment Pass and Fail outcome. Sixteen participants failed the on-road assessment. A 
backwards stepwise binary logistic regression model selected a measure of executive 
function and a computerized measure of visuomotor planning and coordination. Following 
leave-one-out cross-validation, this model was estimated to correctly predict 60% of an 
independent group of cognitively-unimpaired older drivers into on-road Pass and Fail groups. 
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The sensitivity of the model for detecting Fails at the Optimized cut-point following leave-
one-out cross-validation was 43.8%, meaning that over half of those who Failed the 
assessment were not being detected. Also, the positive predictive value of 31.8% at this same 
cut-point shows that around 70% of people predicted to Fail using the model would actually 
Pass the on-road. These accuracy statistics are not high enough to recommend the use of the 
model produced for the Healthy Older Drivers sample to be used in primary health care as a 
screen for possible driving problems. 
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CHAPTER 7 - 
Study 2 – Healthy Driver Follow-Up 
The objectives of the Healthy Driver Follow-up study were to follow participants from the 
Healthy Older Drivers study for 24 months with annual interviews to collect information 
about driving behaviour, health, and the commission of crashes and traffic offences. We were 
interested in whether a number of measures had a relationship with future crashes or traffic 
offences. These measures were Pass or Fail outcomes on the on-road assessment, cognitive or 
sensory-motor measures, reported lapses of attention and errors taken from the Driver 
Behaviour Questionnaire, and distress associated with medical conditions. 
7.1 Methods 
Ethical approval was obtained for this study through the Upper South A Canterbury Ethics 
Committee. 
7.1.1 Participants 
The sample for the Healthy Driver Follow-up study was the same as that recruited for the 
initial Healthy Older Drivers study (see Section 6.1.1). In summary, at initial recruitment the 
sample was a convenience group of 60 participants (50% male) aged 70 to 84 with 10 men 
and 10 women in each of three age groups (70-74, 75-79, and 80+ years). Exclusion criteria 
included a self-reported history of moderate to severe brain injury, a diagnosed neurological 
or cognitive disorder, severe musculoskeletal disease, and acute psychiatric disorder. No 
participant had an SMMSE score of below 27, suggesting none had cognitive impairment at a 
level indicative of dementia at the study baseline. It is unknown how many of the participants 
were told of their on-road Pass or Fail status by the occupational therapist following the on-
road driving assessment that was part of the Healthy Older Drivers study. 
Participants were invited approximately 5 months following the final participant’s on-road 
assessment to participate in the Healthy Driver Follow-up study which included annual  
~30-minute telephone interviews. One participant refused to take part in the Healthy Driver 
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Follow-up study and one refused to give access to official crash and traffic offence records. 
This left 12-month interview data for 59 participants and crash or offence data for 58. At 24-
months, one participant had died and one had moved and could not be located, leaving 
interview data for 57 participants and crash or offence data for 56. Of these 56 participants, 
41 (73.2%) received a Pass and 15 (26.8%) received a Fail on the on-road assessment. Of the 
four participants without full data available, three had passed and one had failed the on-road 
assessment. 
Permission was sought to access officially-recorded traffic offence data from the New 
Zealand Transport Agency and crash data from the Ministry of Transport. Participants gave 
informed consent, and received no compensation for their involvement in the study.  
7.1.2 Assessment Procedure 
The assessment procedure for participant involvement in the Healthy Older Drivers study is 
detailed in Section 6.1.2.  
For the Healthy Driver Follow-up, participants were phoned at both 12 and 24 month 
anniversaries of their on-road assessment and both times completed two questionnaires (all 
tests are described in detail in Chapter 5). One questionnaire was a modified version of the 
Driving Habits Questionnaire (DHQ) which assesses a range of driving-related behaviours, 
and the second was the 24-item Driver Behaviour Questionnaire (DBQ) which assesses the 
12-month frequency of 24 driving scenarios grouped into three subscales measuring lapses of 
attention, errors, and deliberate violations of road rules.  
Officially-recorded crash data was provided by the Ministry of Transport recorded police-
reported crashes. Traffic offence data provided by the New Zealand Transport Agency 
recorded offences issued in person by police officers (thus excluding fixed speed camera 
offences).  
7.1.3 Data Analysis Methods 
Because of the low base-rate of officially-reported crashes and the higher base-rates of self-
reported crashes and officially- and self-reported traffic offences (see Section 2.5 for a 
detailed discussion) we determined that we would be unlikely to find significant differences 
between Pass and Fail groups for crashes alone. Thus, one or more instances of either a crash 
or an offence reported either by a participant or an official source over the entire 24-month 
follow-up period formed the crash/offence binary outcome variable.  
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Fisher’s Exact Test, a test of significance used for contingency tables when the expected cells 
frequencies are low (Glantz, 2005), was used to investigate whether those who failed the on-
road assessment were more likely to go on to have crashes or offences for both retrospective 
(official data only) and prospective (both official and self-reported) data. An odds ratio and 
confidence interval were also computed. The phi coefficient, a measure of association 
between two binary variables, was calculated to show the strength of the relationship between 
Pass and Fail outcome and the binary incidence of a crash/offence in the 24-month follow-up 
period. The phi coefficient can be interpreted in a similar way to that of a bivariate Pearson 
correlation coefficient, with a value of zero indicating no association between variables and 
with larger positive or negative associations indicating a stronger relationship. Cohen (1988) 
suggests some tentative guidelines for interpretation of the phi coefficient, with a value of 
0.10 considered a small effect, a value of 0.25 considered a medium effect, and a value of 
0.39 and above considered a large effect. For the purposes of the current study, an effect size 
would need to be large in order for the Pass and Fail results of an on-road test to be 
considered useful for determining the risk of future crashes and traffic offences. Even a large 
effect size of 0.39 includes much overlap between the two compared distributions, and if 
measures such as revocation of a drivers licence are to take place based on the outcome of an 
on-road assessment, it is preferable that these distributions overlap as little as possible. 
DHQ responses were investigated for changes in driving practices between 12- and 24-month 
interviews using McNemar tests which are designed for non-parametric nominal repeated-
measures designs. 
Participants were grouped into crash/offence and no-crash/offence groups to investigate 
whether scores on baseline testing were related to subsequent crash or offence involvement. 
Shapiro-Wilk tests were used to determine if independent variables were normally-
distributed, with t-tests used to compare normally distributed data and Mann-Whitney U tests 
for non-normally distributed data.  
Mann-Whitney U tests were used to investigate whether the number of medical conditions, 
medications taken, or the amount that participants were bothered by their medical conditions 
were related to crash or offence involvement. The amounts that participants reported being 
‘bothered’ by each medical condition were assigned an ordinal rating of 0 for ‘not at all’, 1 
for ‘a little’, 2 for ‘a great deal’ and were summed. 
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Results of the DBQ were investigated using Mann-Whitney U tests to find associations 
between crash/offence status and self-reported errors, violations, and lapses. All tests were 
two-tailed and α was set at .05. 
7.2  Results 
7.2.1 Retrospective and Prospective Crashes and Traffic Offences by Pass and Fail 
Groups     
There were no officially-recorded crashes for the five-year period prior to the on-road 
assessment but six participants had a speeding traffic offence recorded in this period. All six 
of these participants went on to receive a Pass score on the on-road assessment. There was no 
difference in the incidence of five-year retrospective offences between Pass and Fail groups 
(p = .32). 
There were no officially-reported crashes for the 24-month follow-up period. Over 24 
months, six participants self-reported crashes (4 of these participants Passed the on-road 
assessment and 2 Failed) and eleven participants self-reported at least one traffic offence (7 
of these participants Passed the on-road assessment and 4 Failed). All officially-reported 
offences were also self-reported and all were for exceeding the speed limit. In total, 16 
participants had self-reported crashes or self- or officially-reported offences over the 24-
month period (10 participants with an offence only, 5 participants with a crash only, one 
participant with both). Of these, 11 had received a Pass score on the on-road assessment 
(26.8% of all participants who received a Pass score) and five had received a Fail score on 
the on-road (33.3% of all participants who received a Fail score) (see Table 7-1).  
Table 7-1.  Number of participants who passed and failed the on-road assessment and those who went on 
to have a self-reported crash or self- or officially-reported traffic offence over the following 24 months  
 24-month crash or traffic offence 
On-road outcome No Yes Totals % who had a crash or offence 
Fail 10 5 15 33.3% 
Pass 30 11 41 26.8% 
Totals 40 16 56 28.6% 
 
The odds ratio for prospective crashes and offences was 1.36 (95% CI: 0.38–4.89), indicating 
that drivers who received a Fail on the on-road assessment were 36% more likely to 
experience a crash or traffic offence in the following two years, although this odds ratio was 
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not statistically significant (p = .741). The phi coefficient (rφ = 0.06) indicates little, if any, 
association between Pass and Fail status and subsequent crashes or offences. 
7.2.2 Driving Habits Questionnaire and Additional Driving Questions 
Responses on the DHQ and additional questions are summarized in Table 7-2. At the 12-
month interview, one participant had not driven for five months due to an injury but had 
resumed by the 24-month interview. From the 12-month to the 24-month interview there was 
a reduction in the number of people self-rating their driving quality as ‘average’ (McNemar’s 
test, p = .035) and a concomitant trend for more people to rate themselves as ‘good’ drivers. 
There was also a reduction in the number of participants reporting driving in places outside 
the South Island (p = .039) and in those reporting regular use of bicycles (p = .016) and 
walking (p = .039). 
7.2.3 Baseline Test Scores and Subsequent Incidence of Crashes and Offences 
The results of baseline off-road testing were compared between the 16 participants who had a 
crash/offence versus the 40 with no crash/offence (Table 7-3, Table 7-4, and Table 7-5). The 
only significant differences were that participants in the crash/offence group drove a higher 
average number of km at baseline (z = -2.20, p = .028) and had lower error scores on the 
SMCTests test Divided Attention Tracking (z = -2.54, p = .011).  
7.2.4 Medical Conditions and Subsequent Crashes and Offences 
Details of reported medical illnesses at 12 and 24 months are presented in Table 7-6. The top 
five medical conditions at both 12 and 24 months were arthritis, high blood pressure, high 
cholesterol, cataracts, and heart disease. Between those with and without crashes or offences 
there was no difference in the number of medical conditions endorsed at 12 or 24 months (z = 
-3.14, p = .753; z = -0.09, p = .927 respectively), no difference in the number of medications 
taken for illness at 12 or 24 months (z = -0.93, p = .352; z = -0.67, p = .502 respectively), and 
no difference in the amount that participants were bothered by their condition/s at the 12-
month interview (z = -1.54, p = .124). However, those who reported they were bothered by a 
medical condition at the 24-month interview were more like to have a crash/offence (z = -
2.01, p = .044), with a moderate Cohen-type effect size of 0.59. 
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Table 7-2.  Number of people endorsing items on the driving habits questionnaire and additional driving 
questions at 12- and 24-month interviews 
Questionnaire item 
12-month 
follow-up  
(n=59) 
24-month 
follow-up  
(n=57) 
McNemar Test 
p-value  
(two-tailed, 
*p<.05)1 
Currently driving 582 57  1.000 
Wear glasses when driving 35 31  .146 
Wear seatbelt when driving 59 57  1.000 
Preferred way to get around:     
  drive oneself 54 47  .146 
  have someone else drive 4 8  .227 
  use public transportation or a taxi 1 2  1.000 
Speed of driving relative to other cars on the road:     
  much faster 0 0  - 
  somewhat faster 5 3  .500 
  about the same 51 51  .687 
  somewhat slower 3 3  1.000 
  much slower 0 0  - 
Has been told to limit or stop driving 0 0  - 
Self-rated quality of driving:     
  excellent 9 9  1.000 
  good 31 38  .134 
  average 19 10  .035* 
  fair  0 0  - 
  poor 0 0  - 
Likely action when a person doesn't feel like driving:     
  ask a friend of relative to drive 33 33  .824 
  call a taxi or take the bus 18 17  1.000 
  drive oneself regardless of the situation 2 4  .687 
  cancel or postpone plans 6 3  .453 
Types of driving performed in the past 3 months:     
  driving when raining 583 55  .500 
  driving alone 573 57  1.000 
  parallel parking 533 48  .219 
  making right-hand turns across oncoming traffic 563 57  .500 
Continued on following page 
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Continued from previous page 
Questionnaire item 
12-month 
follow-up  
(n=59) 
24-month 
follow-up  
(n=57) 
McNemar Test 
p-value  
(two-tailed, 
*p<.05)1 
  driving on motorways or highways 543 52  .625 
  driving on high-traffic roads 573 57  1.000 
  driving in rush-hour traffic 553 53  .625 
  driving at night 543 53  1.000 
People reporting accidents over 12 months 4 2  .687 
People reporting accidents attended by police over 12 months 0 1  1.000 
People reporting being pulled over by police over 12 months 4 2  1.000 
People reporting receiving traffic tickets over 12 months 10 4  .180 
People who during the last year have driven:     
  in their immediate neighbourhood 59 57  1.000 
  beyond their immediate neighbourhood 58 57  1.000 
  to neighbouring towns 53 51  1.000 
  to distant towns 33 29  .791 
  to places outside of the South Island 10 2  .039* 
Forms of transport used regularly:     
  drive own car 58 57  1.000 
  taken as passenger 57 53  .375 
  taxi 9 4  .180 
  motor scooter / motorcycle 1 0  1.000 
  bicycle 12 4  .016* 
  bus 32 37  .146 
  walking 52 44  .039* 
Driving lessons in the last 12 months 0 0  - 
Asked by their doctor about their driving in the last 12 
months 12 6 
 
.146 
1The McNemar test is a repeated-measures test and calculations could only be performed for the 57 
participants for whom both 12- and 24-month data were available. 2One driver had ceased driving for 
several months at the 12-month interview due to a leg injury but had begun driving again by the 24-month 
interview. 3One participant was excluded from tests of significance for these measures since they are 
repeated measures as, due to an injury, she had not driven during the 3 months before the 12-month 
interview. 
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Table 7-3.  Comparison of non-normally-distributed baseline testing results for standard off-road tests 
between those with a 24-month crash/offence and those without 
Test Measure 
Median  
 No-
crash/offence 
group (n=40) 
Median 
crash/offe
nce group 
(n=16) 
Mann-
Whitney U 
p-value 
(two-tailed, 
*p<.05) 
Cohen-
type effect 
size1 
Gender (1 = male, 2 = female) 1.0 2.0  .315 0.30 
Age (years) 78.0 81.5  .190 0.39 
Handedness (1 = right, 2 = left) 1.0 1.0  .871 0.05 
Years of education 13.0 15.0  .052 0.56 
Occupation code  (range 1–8, higher = more 
professional occupation) 2.0 2.0  .309 0.29 
Km driven last 12 months 6747 11028   .028* 0.65 
Vision2            
  Left eye 9.0 9.0  .206 0.38 
  Right eye 6.0 9.0  .346 0.28 
  Binocular 6.0 6.0  .992 0.00 
Road sign test (no correct) 11.0 11.5  .930 0.02 
Mini-Mental State Exam  29.0 29.0  .448 0.24 
Geriatric Depression Scale  3.0 1.5  .276 0.31 
Beck Anxiety Inventory  4.0 3.5  .956 0.02 
Driving Anger Scale  31.0 31.5  .856 0.05 
Trail Making Test A (s) 33.0 33.5  .696 0.13 
Trail Making Test B (s) 89.0 93.5  .568 0.17 
Wechsler Test of Adult Reading (estimated IQ score) 118.0 116.5   .080 0.49 
 
Table 7-4.  Comparison of non-normally-distributed baseline testing results for SMCTests between those 
with a 24-month crash/offence and those without  
Test Measure 
Median  
 No-
crash/offence 
group (n=40) 
Median 
crash/offe
nce group 
(n=16) 
Mann-
Whitney U 
p-value 
(two-tailed, 
*p<.05) 
Cohen-
type effect 
size1 
Footbrake and Clutch Test           
  Mean reaction time (ms) 298.0 279.5  .072 0.52 
  Mean movement time (ms) 287.0 292.5  .906 0.03 
  Total reaction and movement times (ms) 581.0 572.0  .457 0.22 
Ballistic Movement Test           
  Reaction time, right hand (ms) 350.9 345.3  .913 0.03 
  Reaction time, left hand (ms) 337.2 334.3  .856 0.05 
 Continued on following page 
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Continued from previous page 
Test Measure 
Median  
 No-
crash/offence 
group (n=40) 
Median 
crash/offe
nce group 
(n=16) 
Mann-
Whitney U 
p-value 
(two-tailed, 
*p<.05) 
Cohen-
type effect 
size1 
 Reaction time, grand mean (ms) 346.9 350.2  .828 0.07 
  Movement time, right hand (ms) 212.5 248.3  .147 0.42 
  Movement time, left hand (ms) 223.3 242.5  .420 0.23 
  Movement time, grand mean (ms) 221.6 242.4  .186 0.38 
  Total reaction and movement times, right hand (ms) 565.9 609.7  .446 0.22 
  Total reaction and movement times, left hand (ms) 569.7 596.8  .835 0.06 
  Total reaction and movement times, grand mean (ms) 570.2 606.0  .502 0.19 
Tracking Tests           
  Sine tracking run 1 error (mm) 15.8 13.0  .152 0.43 
  Sine tracking run 2 error (mm) 8.8 7.7  .063 0.59 
  Random tracking run 1 error (mm) 8.7 7.1  .446 0.22 
  Random tracking run 2 error (mm) 8.6 7.2  .301 0.32 
Arrows Perception Test           
  Number of arrows correct 12.0 12.0  .583 0.17 
Divided Attention Test           
  Tracking error (mm) 9.1 8.0  .011* 0.82 
  Number of arrows correct 12.0 12.0  .576 0.16 
  Omission of arrows response  0.0 0.0  .527 0.22 
Complex Attention test           
  Reaction time (ms) 421.5 435.0  .568 0.18 
  Movement time (ms) 278.0 314.0  .280 0.32 
  Reaction time standard deviation (ms) 123.5 126.0  .683 0.13 
  Movement time standard deviation (ms) 41.0 40.5  .758 0.10 
  Number of omissions errors  0.00 0.00  .264 0.40 
  Number of commission errors  0.00 0.00  .430 0.22 
Planning Test           
  Duration of positional faults (s) 6.0 6.5  .856 0.05 
  Distance travelled (m) 4.9 4.7  .831 0.05 
  Number of hazards hit  2.0 2.0  .926 0.04 
  Number of crashes  0.5 1.0   .086 0.54 
1Cohen’s effect-size for rank-transformed variables (Hopkins, 2004). 2Rated using a Snellen eye chart with a score 
of 9 equal to a metric 6/9 vision (20/30). 
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Table 7-5.  Comparison of normally-distributed baseline testing results between those with or without a 
24-month crash/offence  
Test Measure 
Mean  
no-crash/offence  
(n=40) 
Mean 
crash/offence 
group (n=16) 
t-test  
p-value  
(two-tailed, 
*p<.05) 
Cohen's d 
effect size 
Years of driving 54.3 56.6   .304 0.31 
Big Five Inventory           
 Extraversion  25.5 26.5   .552 0.18 
 Agreeableness  38.9 37.7   .753 0.09 
 Conscientiousness  36.4 35.7   .692 0.12 
 Neuroticism  18.5 19.1   .660 0.13 
 Openness to experience  34.9 36.3   .422 0.24 
Dementia Rating Scale-2 AEMSS1  10.7 10.9   .707 0.11 
Ballistic Movement Test           
 Peak velocity, right hand (ms) 980.9 895.6   .125 0.46 
 Peak velocity, left hand (ms) 949.0 902.2   .324 0.29 
  Peak velocity, grand mean (ms) 965.0 898.9   .187 0.40 
Visual Search Test           
 Mean reaction time (s) 4.8 4.7   .725 0.14 
  Number correct  15.0 16.3   .086 0.52 
Complex Attention test           
  Total mean movement and reaction times (ms) 740.5 779.7   .345 0.28 
Planning Test           
 Lateral road position error (mm) 2.7 2.6   .519 0.19 
  Intersection safety margin (mm) 38.7 40.6   .694 0.13 
1AEMMS - age and education-adjusted MOANS scaled score (MOANS = Mayo Older American Normative 
Studies). 
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Table 7-6.  People reporting medical illness, taking medication for illness, and reporting being bothered 
by illness at 12 and 24 month interviews 
  12 months (n=59) 24 months (n=57) 
Medical Condition 
People 
reporting 
illness 
People 
taking 
medication 
People 
bothered 
by their 
illness 
People 
reporting 
illness 
People 
taking 
medication 
People 
bothered by 
their illness 
Arthritis 32 12 12 32 10 13 
High blood pressure 32 32 0 27 27 0 
High cholesterol 22 18 0 22 18 0 
Cataracts 18 0 2 22 0 5 
Heart disease 16 14 2 18 18 1 
Surgery 12 1 1 12 2 2 
Cancer 12 3 3 8 2 0 
Osteoporosis 9 8 1 10 8 1 
Fall 6 2 4 7 1 3 
Diabetes 6 5 0 6 5 0 
Glaucoma 4 4 0 4 4 1 
Thyroid problems 2 2 0 3 3 0 
Anxiety 2 1 0 3 1 1 
Macular degeneration 2 1 0 2 1 1 
Stroke 2 2 0 1 1 1 
Depression 1 0 0 6 4 2 
Broken bones 1 0 0 4 1 2 
Dementia 1 0 0 1 0 0 
Sleep apnoea 1 1 1 1 1 0 
Head injury 0 0 0 4 0 0 
Parkinson's 0 0 0 1 1 1 
Multiple sclerosis 0 0 0 0 0 0 
Diabetic retinopathy 0 0 0 0 0 0 
Retinal detachment 0 0 0 0 0 0 
 
7.2.5 Driver Behaviour Questionnaire and Crash and Offence Involvement 
There were no differences in the self-reported frequency of errors, lapses, and violations in 
drivers with crashes or offences, compared to those without, at either 12- or 24-months (see 
Table 7-7). The frequency of errors reported at 24 months was higher than the frequency 
reported at 12 months across crash/offence and no crash/offence groups combined (mean = 
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1.67 at 12 months, mean = 2.16 at 24 months, Wilcoxon signed-rank test, z = -1.99, p = .047) 
with no change in the frequencies of reported lapses or violations.  
Table 7-7.  Self-reported error, lapse and violation rates on the Driver Behaviour Questionnaire at 12 and 
24 months by crash/offence group 
Driver Behaviour Questionnaire composite 
measure 
Median no 
crash/offence 
group (n=40) 
Median 
crash/offence 
group (n=16) 
Mann-
Whitney U 
p-value 
(two-tailed) 
Cohen-
type effect 
size1 
12-month errors 1.0 1.0  0.86 0.05 
12-month lapses 4.0 4.0  0.92 0.03 
12-month violations 1.0 2.0  0.70 0.12 
24-month errors 2.0 2.0  0.81 0.07 
24-month lapses 5.0 5.0  0.81 0.08 
24-month violations 2.0 1.5  0.93 0.02 
1Cohen’s effect-size for rank-transformed variables (Hopkins, 2004).   
7.3  Discussion 
7.3.1 Association of Measures with Real-World Adverse Driving Events 
Pass or Fail outcome on the on-road driving assessment was not related to either five-year 
retrospective officially-reported traffic offences or two-year prospective self- or officially-
reported crashes and traffic offences. Effect sizes would have had to be of large magnitude to 
detect a significant difference in crashes or offences between the on-road Pass and Fail 
groups. However, large effects would also be required for the distributions of crash/offence 
and no crash/offence groups to be separated enough to support recommendations for licence 
cessation following the failure of an on-road assessment. This notwithstanding, the very 
small phi coefficient of 0.06 indicates that there was little if any association between whether 
a participant received a Pass or Fail on the on-road assessment and whether they went on to 
have a crash or offence in the following 24 months. 
The New Zealand study by Keall and Frith (2004a) that was described in Section 3.8 showed 
a significant relationship between failing an on-road driving assessment and having an 
increased risk of future crashes but like the current study the phi coefficient was small. 
Compared with the Keall and Frith study, the Healthy Driver Follow-up study had more 
liberal criteria for defining a negative driving outcome as it included traffic offences as well 
as crashes, and allowed for self-reported events rather than officially reported events only. 
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Keall and Frith investigated only crashes recorded by the Ministry of Transport’s crash 
database, which are crashes that culminate in injury or death. In fact, there were no officially-
recorded crash events in the five-year retrospective or two-year prospective Healthy Driver 
Follow-up study. Unsurprisingly, the current study had a much higher incidence rate for the 
dependent variable (33% crashes of offences in the Fail group) compared to the Keall and 
Frith study (1.2% crashes in the Fail group). Even with the more sensitive criterion for 
defining adverse driving events the phi coefficient of 0.06 for the Healthy Driver Follow-up 
study was still very small. 
The occurrence of a crash or offence over the following 24-month period was related to a 
higher number of km driven per year measured at the baseline testing session. Higher km 
driven per year is likely related to increased driving exposure which led to a greater 
likelihood of experiencing a negative on-road outcome (provided those who reported higher 
km at the initial testing session maintained higher km over the 24-month period). This 
tendency for drivers with higher reported driving distance to be more likely to have an 
adverse driving event has been found in some other studies (Owsley et al., 1998; Ball et al., 
2006) but, conversely, many other studies have found that those older drivers driving fewer 
km were more likely to have an adverse driving event (Janke, 1991; Hakamies-Blomqvist et 
al., 2002; Keall & Frith, 2004b; Langford et al., 2006; Alvarez & Fierro, 2008). This finding 
of lower km in older drivers relating to a higher likelihood of adverse events is usually 
attributed to a core group of older drivers who are affected by cognitive or physical illness 
and limit their driving, yet still manage to have adverse driving events. 
The second association that a poorer error score on the SMCTests Divided Attention 
Tracking task was related to increased crash or offence risk was unexpected and is more 
difficult to explain. It is possible that the result is simply a chance finding due to the number 
of comparisons performed (Type I error). The score pertained to SMCTests measure Divided 
Attention Tracking which requires participants perform two tasks simultaneously. The lower 
error score on the Random Tracking task component was not associated with a higher error 
score on the Arrows Perception task component which indicates that participants were not 
simply ignoring one task in order to perform well on the second. It is possible that those who 
scored well on the Divided Attention Tracking task had better physical or cognitive health 
which resulted in less cautious and more confident driving, and thus a higher likelihood of 
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having a crash or offence. As no other baseline cognitive or sensory-motor tests were 
significantly associated with crash or offence status this hypothesis would seem unfounded.  
The relationship between reports of ‘bother’ caused by medical conditions at 24 months and 
increased crashes or offences suggests that subjective physical or emotional discomfort 
associated with medical illness could affect a person’s likelihood of having an adverse 
driving event. There was an increasing trend in the number of broken bones, head injuries 
and depression between the 12- and 24-month interviews which could indicate declining 
physical and emotional health. The most common eye-related medical condition was 
cataracts with 22 people reporting it at 24-months, with glaucoma coming in a distant second 
with 4 people reporting it at both 12- and 24-month interviews. No relationships were found 
between crashes or offences and the number of medical conditions endorsed or medications 
taken. It is likely that knowledge of specific types of medical conditions, medications, or 
groupings of conditions, such as eye conditions, are more important than merely tallying the 
number of occurring medical conditions. The sample size in the Healthy Driver Follow-up 
study was too small to investigate these individually. 
Changes in self-reported driving behaviour from the DHQ indicate that drivers reduced their 
exposure to long car trips over the 24-month follow-up period. This could be related to an 
overall reduction in driving confidence, although more participants rated themselves as 
‘good’ drivers and fewer as ‘average’ at the 24-month compared to the 12-month interview. 
Decreased rates of walking and cycling could indicate declining physical condition which 
could also contribute to a reduction in long distance driving.  
Finally, there was a significant increase in the frequency of reported errors on the DBQ from 
the 12-month to 24-month interview. Since the number of recalled violations and lapses did 
not also increase from 12 to 24 months, the increase in errors is unlikely to be due to 
increased vigilance following questioning at the 12-month interview in order to provide more 
accurate information at the 24-month interview. Therefore, a greater frequency of errors 
could be a real change with age. The fact that no relationships were found between the 
number of reported lapses, errors, or violations and the presence of crashes or offences 
indicates that the DBQ is not a promising screening tool for detection of older drivers at risk 
for adverse driving events. 
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7.3.2 Generalization of the Results 
Since the sample for the Healthy Driver Follow-up study comprised the same participants as 
the Healthy Older Drivers study, the same limitations to generalization apply (see Section 
6.3.3). Due to the limited amount of input required from participants in order to be part of the 
Healthy Driver Follow-up study, participation was high with only one participant declining 
participation. Similarly only one participant declined access to official records of crashes and 
traffic offences, and only two participants were not able to be contacted for the 24-month 
interview. This allowed for 56 of the original 60 participants to give full interview and 
official report outcome data. Although at the time of recruitment for the Healthy Older 
Drivers study all participants were without diagnosis of cognitive disorders, over the course 
of the 24-month follow-up two people experienced a stroke, one was diagnosed with 
dementia, and one with Parkinson’s disease. Thus the sample in this study is perhaps more 
representative of a general older driver population than the sample had been at the 
commencement of the Healthy Older Drivers study. 
Despite this, because of potential limitations in the initial recruitment process, the outcomes 
of the driving questionnaires and measures of adverse driving outcome could be lower or 
higher for the general population older drivers. 
7.3.3 Practical Application of Results 
Results of the five-year retrospective and 24-month prospective follow-up incidence of 
crashes or offences showed no significant association with a Pass or Fail score on an on-road 
assessment. This result, coupled with the null findings of the Anstey et al. (2009) study for 
associations between on-road Fail scores and 12-month self-reported crashes and the 
significant yet very small effect size of the Keall and Frith (2004a) study, suggests that on-
road assessments are not useful for determining which of a group of cognitively healthy older 
drivers go on to have an adverse driving event in the following few years.  
Results of baseline testing did not support hypothesized relationships between lower 
cognitive test scores and an increase in subsequent crashes and traffic offences. Thus, 
cognitive tests used for prediction of on-road adverse driving events in older drivers without 
a diagnosis of neurological disorder or cognitive impairment is not supported. It is, however, 
important to remember that an individual’s self-report of cognitive impairment is not always 
accurate, and GPs are encouraged to screen their older patients for cognitive impairment 
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when they present for licence renewal at ages 75, 80 and biennially thereafter. GPs are 
advised to use standardized and validated assessment measures to identify cognitive 
impairment coupled with pragmatic history-taking for driving ability.  
The relationship between increased levels of bother caused by medical illnesses at 24-months 
and increased rates of crashes and offences may suggest that emotional or physical distress 
can impact on driving. For example, Molnar et al. (2007) found that being “bothered a great 
deal by diabetes mellitus” was related to motor vehicle crashes in older drivers. While in the 
Healthy Driver Follow-up study there was a much larger list of medical conditions 
investigated, the association with reports of bother and subsequent crashes and offences is 
intriguing and, provided this finding is found to be replicated in other research studies, could 
prove to be useful to general screening of possible problems with driving in the older 
population. 
Reports of errors, lapses, and violations in the Driver Behaviour Questionnaire were not 
associated with subsequent crash/offence outcome, and although more errors were reported at 
the 24-month compared to the 12-month interview, strong evidence does not exist as to the 
usefulness of the measure in detecting older drivers who may go on to have an adverse 
driving event. 
7.4 Review of Study Hypotheses 
Given the results of the study, it is possible to address the hypotheses outlined in Section 4.2.  
3. Drivers who fail an on-road driving assessment will have a greater incidence of crashes 
and traffic offences over the following years than those who pass. 
This hypothesis is not supported as drivers who failed the on-road assessment did not have a 
significantly higher rate of crashes or offences in the following 24-months. Also, the effect 
size of rφ = 0.06 was very small which indicates that the distributions of people with crashes 
or offences and no crashes or offences overlap enough to make separating them by Pass or 
Fail status impractical and inaccurate. 
4. Poorer performance on standard cognitive measures are associated with increased crashes 
and traffic offences over the following years. 
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This hypothesis is not supported as no standard cognitive test results were significantly 
associated with increased incidence of crashes of offences over the 24-month follow-up.  
5. Poorer performance on SMCTests measures are associated with increased crashes and 
traffic offences over the following years. 
This hypothesis is not supported as only one SMCTests measure, Divided Attention Tracking, 
was associated with 24-month incidence of crashes or offences, and this association was in 
the opposite direction to that predicted, with a better score associated with an increased crash 
or offence rate. There are also several other instances in which scores were in the opposite 
direction to that expected, although these differences did not reach statistical significance, 
including smaller errors on Sine and Random Tracking tests, and faster reaction times and a 
higher number of correct trials on the Visual Search test. Other differences were small to 
non-existent.  
6. Drivers who report a higher number of driving lapses or errors on the Driver Behaviour 
Questionnaire over the immediate years following an on-road driving assessment will be 
more likely to have had a crash or traffic offence. 
This hypothesis is not supported as there were no differences in the number of lapses 
recorded and whether drivers had a crash or offence in the 24-month follow-up period. Parker 
et al. (2000) found an increase in lapses in a sample of drivers aged 49 and over compared to 
younger age groups. They also found that people with higher reported numbers of lapses 
were more likely to have had a crash in the previous five years, whether they caused the crash 
or it was due to the actions of another driver. Although the current study found no association 
with frequency of self-reported errors and lapses, the frequency of errors across the entire 
sample increased significantly from the 12- to the 24-month interview while there was no 
significant increase in the frequency of violations or lapses.  
7. Drivers who report experiencing more distress associated with medical conditions are 
more likely to have crashes or traffic offences over the following years. 
This hypothesis is supported as participants who reported being bothered by a medical 
condition or conditions at the 24-month follow-up interview (albeit not the 12-month 
interview) were more likely to have a crash/offence in the same period, with a moderate 
effect size of 0.59. This outcome could indicate that the presence of a bothersome medical 
condition can have adverse effects of a person’s ability to drive safely. 
CHAPTER 7 - Study 2 – Healthy Driver Follow-Up 
 130 
7.5 Summary 
Fifty-six participants from the Healthy Older Drivers study were followed for 24 months 
using annual telephone interviews to assess driving behaviour, driving attitudes, medical 
conditions, and the occurrence of crashes and receipt of traffic offences. Official data 
regarding crashes and traffics offences were also obtained. The aim was to determine whether 
on-road Pass/Fail classification could predict the incidence of crashes and traffic offences 
over two years and whether off-road measures performed during the Healthy Older Drivers 
study could predict subsequent crashes and offences. Failing the on-road assessment did not 
result in higher crash or offence rates and there were only two baseline measures that 
predicted crashes or offences (i.e., distance driven at baseline testing and a paradoxically 
lower error score on a measure of visuomotor planning and coordination). However, drivers 
who reported more distress associated with their medical condition(s) were more likely to 
have had a crash or offence at 24 months. The outcome of the Healthy Driver Follow-up 
study suggests there is little value in off-road or on-road assessment of older drivers without 
diagnosed cognitive impairment as these measures were not associated with future crashes or 
traffic offences. 
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CHAPTER 8 - 
Study 3 – Dementia and Driving 
The objective of the Dementia and Driving study was to find cognitive, sensory-motor, 
demographic, and medical factors that predict on-road driving performance in drivers with 
MCI or Alzheimer’s dementia. A sample of 60 participants completed SMCTests measures, 
while a subset of 32 participants also completed a more extensive battery of cognitive tests. 
Binary logistic regression (BLR) was used to produce classification models, with leave-one-
out cross-validation used to estimate the generalizability and stability of the models. 
8.1 Methods 
Ethical approval was obtained for this study through the Upper South A Canterbury Ethics 
Committee. 
8.1.1 Participants 
Participants were 60 referrals to the Driving and Vehicle Assessment Service (DAVAS) at 
Burwood Hospital, Christchurch who had diagnosed or suspected Alzheimer’s dementia, 
mild cognitive impairment, unspecified cognitive impairment, or memory problems. 
Participants had a current full driver’s licence, had not completed SMCTests testing at 
Burwood Hospital previously, and had no need for driving adaptations on their vehicle (such 
as a wheel spinner). Participants with a history of stroke, transient ischemic attack, moderate 
to severe head injury, multiple sclerosis, or any specific dementia other than Alzheimer’s 
(e.g., frontotemporal dementia, dementia with Lewy bodies) were excluded from recruitment. 
The information sheet was mailed to participants and is provided in Appendix P. 
There were two paths for participant involvement. The first was to complete approximately 5 
hours of extra testing which included the completion of the extended test battery (see Section 
5.7 for details). This testing was split across two testing sessions of around 2 to 2.5 hours 
length and was performed in the participant’s own home on two separate days prior to the on-
road assessment at Burwood Hospital. The second recruitment path consisted of completing 
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the standard off-road (SMCTests) and on-road assessment required as part of the driving 
assessment referral and allowing the results to be included in the study. If a participant 
expressed interest in completing the extended testing, a family member or close friend was 
contacted and asked for information about the participant’s completion of activities of daily 
living (see Section 8.1.2 below for details). A flowchart of recruitment is shown in Figure 
8-1. 
 
Figure 8-1.  Numbers of participants approached, included, and excluded from the study. 
 
Reasons for the twenty-four participants who declined to participate in testing included the 
intention to discontinue driving, missing off-road appointments and eventually having to be 
tested only with the on-road assessment and thus not completing SMCTests assessment, and 
being too upset about the necessity of the driving assessment to participate in the study. 
Thirty-five participants agreed to extended testing, with three subsequently excluded from the 
analysis. Of the three excluded, one was relocating and decided he would prefer to do his 
driving assessment in his new town, one was confirmed by a family member to have suffered 
two serious head injuries, and one was confirmed as not having dementia or MCI. Of the 30 
people who agreed to have the results of only the standard assessment included in the study, 
Participants approached 
for study  
n=89 
Interested in participating  
n=65 
 
Excluded  
n=3 
Extended assessment  
(SMCTests plus additional cognitive 
tests plus a blinded on-road 
assessment) 
n=35 
 
Standard assessment  
(SMCTests plus a blinded on-road 
assessment) 
n=30 
Excluded  
n=2 
Completed  
n=28 
Completed  
n=32 
Not interested in 
participating  
n=24 
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28 completed testing and two were excluded from the analysis. Of the two excluded 
participants, he spouse of one reported a history of transient ischemic attacks, and one 
participant was found to have frontotemporal dementia. 
The final full sample consisted of sixty participants (36 males and 24 females) aged 58 to 92 
(mean=77.9 years); 98% identified their ethnicity as New Zealand European. All had current 
driving licences, although some were not currently driving as they had recently been 
instructed to stop pending the results of the driving assessment. Fifty-six participants 
completed the assessment in a familiar vehicle, with the four remaining participants driving 
DAVAS’s dual-control car. The subset of participants who completed additional cognitive 
testing consisted of 32 participants (22 male and 10 females) aged 58 to 92 (mean age = 76.2 
years); 97% identified their ethnicity as New Zealand European. Thirty participants 
completed the assessment in a familiar vehicle, with the two remaining participants driving 
DAVAS’s dual-control car. Their average years of driving experience was 55 years, with no 
difference in years of driving experience between males and females (male mean=56.5 years, 
female mean=50.7 years, z = -0.713, p = .476). Participants who completed the extended 
assessment (n=32) were compared to participants who completed only the standard 
assessment (n=28) on age and sex, which were the only demographic details (besides 
handedness) that were available for those who completed the standard assessment only. 
There was no difference in sex between groups with 69% of the extended assessment group 
being male as opposed to 50% in the standard assessment group (z = -1.467, p = .142), and 
there was an almost significant effect of age, with 76.2 years the mean age in the extended 
assessment group versus 79.9 years in the standard assessment group (z = -1.952, p = .051). 
All participants who failed the on-road assessment had a recommendation of licence 
revocation made to their referrer by the occupational therapist, as is standard practice for 
medical driving assessments. 
8.1.2 Assessment Procedure 
All participants completed an off-road (SMCTests) and on-road driving assessment 
appointment, with the SMCTests off-road assessment performed by the primary researcher in 
a session lasting around 70 minutes. On-road assessments were conducted an average of 6.0 
days (SD = 4.3, range 0-28 days) after the off-road assessment. On-road assessments were 
administered by an experienced driving occupational therapist and a driving instructor who 
were blinded to off-road test performance. Details of the on-road assessment are described in 
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Section 5.10 including details of the on-road error checklist which was completed by the 
occupational therapist and driving instructor independently for each participant following the 
on-road assessment. The on-road assessors were not told of the medical conditions of 
participants beyond information available on the referral form which would have been 
variable between participants. Twelve participants started their on-road assessment from their 
own homes, with the remaining 48 participants beginning the assessment from Burwood 
Hospital. Participants completing their on-road assessment from home did so for a variety of 
reasons including difficulties in arranging for a family member to attend a Burwood Hospital 
appointment with them in case they failed the assessment and needed to be driven home, 
memory problems or confusion which made it too difficult to schedule and keep 
appointments, or assertion from participants or their families that they should be tested in 
their local area since that is the area where they perform their daily driving.  
Extended assessment participants completed additional cognitive assessments in their own 
home over two appointments. Many participants had a spouse or another family member 
present at the beginning of the first appointment to aid in the collection of demographic and 
health information. Information regarding activities of daily living (see Section 5.9 for 
measures used) was completed by a significant other (family member or friend). For 22 
participants, the informant was a spouse, for eight an adult child, and for two a close friend. 
All informants had known the participant for at least ten years and all lived in the same city 
and were in regular contact with the participant. Completion of the activities of daily living 
measures was conducted either at the end of the second testing session or by telephone. 
For the subset of participants who completed extended cognitive testing, consent was sought 
to obtain officially-recorded data for traffic offences from the New Zealand Transport 
Agency and crashes from the Ministry of Transport for the five-year period prior to their on-
road assessment. We recorded the number of demerit points earned in this time period as the 
independent variable for traffic offences. 
8.1.3 Diagnosis of Alzheimer’s Dementia and Mild Cognitive Impairment 
A diagnosis of Alzheimer’s dementia or mild cognitive impairment was determined for the 
32 participants following extended cognitive testing. The NINCDS-ADRDA (McKhann et 
al., 1984) criteria were used for the diagnosis of Probable Alzheimer’s dementia and 
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Petersen’s (2004) criteria were used for the diagnosis of MCI. NINCDS-ADRDA criteria are 
reproduced below: 
1. Dementia established by clinical examination and confirmed by neuropsychological tests. 
2. Deficits in two or more areas of cognition. 
3. Progressive worsening of memory and other cognitive functions. 
4. No disturbance of consciousness (i.e., not present solely during the course of delirium). 
5. Onset between ages 40 and 90, most often after age 65. 
6. Absence of systemic disorders or brain diseases that, in and of themselves, could account 
for the progressive deficits in memory and cognition. 
 
In addition to these criteria a significant deficit in activities of daily living was required for a 
diagnosis of Alzheimer’s dementia (see below for details of how a deficit was determined).  
Cognitive domains were defined as orientation, memory, language, praxis, attention, visual 
perception, and problem-solving (interpreted for this study as executive function) (McKhann 
et al., 1984). Cognitive domains were assessed with at least one specific cognitive measure 
(except language for which no cognitive measure was used) (see Table 8-1). For the 
measures for which standardized scores were available the cut-off for impairment was 
defined as a score less than or equal to the 5th percentile which is equivalent to a z-score of -
1.64 and a Wechsler scaled score of ≤5.  
A concerted effort was made to locate standardized data for ADAS-Cog subtest scores in 
order for percentile cut off scores to be determined to aid in MCI and Alzheimer’s dementia 
diagnosis. Three studies were found that provided data for cognitively-unimpaired older 
adults (Zec et al., 1992; Graham et al., 2004; Grundman et al., 2004), but none provided 
means and standard deviations of subtest scores stratified by age. Assistance with normative 
data was requested from the Alzheimer’s Disease Cooperative Study website 
(http://www.adcs.org/) and from the author (Dr. Richard Mohs) but was not forthcoming. 
Therefore for the two ADAS-Cog measures a pragmatic cut-off was chosen to reflect what 
was considered to be a cognitive deficit.  
The criteria for MCI require a specific cognitive complaint, preferably corroborated by an 
informant, objective measurement of impairment (usually memory impairment), essentially 
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preserved global cognitive functioning, largely intact activities of daily living, and no 
diagnosis of dementia. The same cut-points for scoring cognitive impairment for dementia 
were utilized for a diagnosis of MCI. The primary defining criterion was there was no 
significant deficit in functional activities. In an attempt to standardize this decision, a cut-off 
score of ≥ 3.44 from The Informant Questionnaire on Cognitive Decline in the Elderly was 
used, since a previous study found this point had a sensitivity of 100% for detecting dementia 
in clinical samples with a specificity of 86% (Jorm, 2004) (see Section 5.9.3 for more details 
on this questionnaire). Participants could be diagnosed as any of the four categories of MCI 
proposed by Petersen (2004): Amnestic MCI single domain, Amnestic MCI multiple domain, 
Non-Amnestic MCI single domain and Non-Amnestic MCI multiple domain (see Section 
2.3.2 for more details on these diagnoses).  
Table 8-1.  NINCDS-ARDRA cognitive domains and the measures used to assess them for a diagnosis of 
Probable Alzheimer’s dementia 
Cognitive domain Cognitive measure Cut-off criteria  
Orientation ADAS-Cog Orientation subtest ≤4 correct responses (out of 8) 
Memory ADAS-Cog Delayed word recall subtest ≤4 recalled words (out of 10) 
 Rey Complex Figure 3 min recall ≤5th percentile  
Language N/A N/A 
Praxis Block Design Scaled score ≤5 
Attention Letter-Number Sequencing Scaled score ≤5 
 Trail Making Test A z-score ≤ -1.64 
Visual perception VOSP Incomplete Letters z-score ≤ -1.64 
 VOSP Silhouettes z-score ≤ -1.64 
Executive function Colour-Word Interference, interference trial Scaled score ≤5 
 Letter Fluency Scaled score ≤5 
 Category Fluency Scaled score ≤5 
 Trail Making Test B z-score ≤ -1.64 
 
For those participants with a diagnosis of Alzheimer’s dementia, an approximate severity 
score was based on the standardized version of the Mini-Mental State Exam. Deficit ranges 
as proposed by Mungas (1991) were used, with a score of  ≤9 indicating severe impairment, 
10-20 indicating moderate impairment, 21-24 indicating mild impairment, and 25 and above 
falling within the intact range. As discussed in Section 5.7.1, the MMSE is not a sensitive 
measure for detecting dementia, with many people with MCI and mild dementia likely to 
receive a score in the ‘intact’ range.  
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8.1.4 Data Analysis Methods 
Data analysis methods were similar to those employed in the Healthy Older Drivers study 
(Chapter 6) with a few changes. Due to having a subset of participants complete extended 
cognitive testing, there were, in essence, two samples for analysis. The larger sample of 60 
participants provided scant demographic information (sex, age, and handedness) and 
SMCTests results and were not diagnosed with either MCI or Alzheimer’s dementia since 
they did not complete sufficient testing to perform a diagnosis. The subset of 32 participants 
who completed extended cognitive testing provided additional demographic information (i.e., 
years of driving, years of education), health information, and standard cognitive measures. 
For each of these samples, descriptive data were compared between on-road Pass and Fail 
groups and classification models formed using BLR, which was then tested for stability and 
generalizability to a new sample using leave-one-out cross-validation.  
There was a small amount of missing data. In regards to SMCTests, two people were not 
administered the Planning test and one person did not complete the Divided Attention test. 
The tests were not administered due to the testing session running overtime. Two participants 
had incomplete data for the Complex Attention test due to the incorrect way in which they 
performed the task which provided no values for the reaction time and movement time 
measures. For the 32 participants who completed additional testing, one participant had no 
data for any of the Colour-Word Interference subtests due to red-green colour-blindness that 
prevented performance of the test. One person did not complete the Rey Complex Figure and 
one person did not complete the Finger Naming subset of the ADAS-Cog both due to 
oversights during test administration. 
Missing data was not replaced by substitution of the mean but rather by substituting values 
through comparison on how the participant performed on a related test. This was done by 
finding the measure which best correlated with the measure for which the participant had 
missing data. The participant’s score on the other measure they had completed was then 
compared to another participant with a similar score on the measure, and that new 
participant’s score for the test with missing data was then substituted. In this way we hoped 
to provide a better estimate of the score the participant may have achieved if they had 
completed that measure. 
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8.1.4.1 Testing Normality of Test Data 
The normality of the distribution of the data was assessed using the Shapiro-Wilk W test. 
Test data that was non-normally distributed was examined using non-parametric statistics, 
such as the Mann-Whitney U test, while normally distributed data was examined using 
parametric statistics such as t tests.  
8.1.4.2 Binary Logistic Regression 
The process of constructing the binary logistic regression (BLR) models was the same as for 
the Healthy Older Drivers study. The main concerns were to minimize the influence of 
overfitting on the model due to having too many variables to enter in relation to the sample 
size (a more detailed rationale for each of these steps is found in Section 6.1.3.2): 
1. Variables pragmatically considered not to be useful in offering to the model were deleted 
from the variable list (i.e., variables that would not be accepted for use in a driving 
assessment service, variables with effects in the opposite from expected directions, and 
subtests bypassed in favour on more generalizable total scores). 
2. Variables were ranked by effect size. 
3. Variables with high collinearity with one or more other variables were deleted. 
4. Remaining variables were offered to the model in order of effect size at the ratio of 1 
variable per 5 participants (6 variables for n=32 extended assessment sample and 12 for 
n=60 standard assessment sample). 
5. A model was formed using logistic regression with a backwards elimination procedure 
(criterion for entry to model p = .05, removal from model p = .10). 
6. BLR models were tested for stability and generalizability using leave-one-out cross-
validation. 
Models were constructed in the manner described above for both the n=60 standard 
assessment sample and the n=32 extended assessment subsample.  
We also examined whether including a balance of SMCTests measures, cognitive measures, 
and medical measures to enter the model would improve the fit and generalizability 
compared to the practice of offering the independent variables with the highest effect sizes to 
the model. It was determined that the two SMCTests measures with the highest effect sizes, 
the two cognitive measures with the highest effect sizes, and the two medical illnesses with 
the highest effect sizes would be offered to the BLR model. The two measures from cognitive 
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and SMCTests had to be from different subtests in order that two separate measures from 
each domain would be entered rather than two measures from a single test. This may result in 
a more stable model than including two measures from the same test. Therefore, the n=32 
extended assessment sample was used to construct two models, one according to the six steps 
outlined above (from here on referred to as “extended assessment model 1”), and one 
according to the amended criteria above (from here on referred to as “extended assessment 
model 2”). 
8.1.4.3 Receiver Operating Characteristic (ROC) Curve 
ROC curves were plotted for each classification model to determine if the classification was 
significantly better than random assignment and to compare the classification of the two 
n=32 models. 
8.1.4.4 Leave-One-Out Cross-Validation 
The process of leave-one-out cross-validation is detailed in Section 6.1.3.5 and was used to 
determine the stability and potential generalizability of the classification models. 
8.1.4.5 Choice of Cut-Points for Reporting Accuracy 
As with the Healthy Older Drivers study, two cut-points were examined for each model (see 
Section 6.1.3.6 for a detailed rationale). Cut-points used were (i) the default for Fail of 0.5, 
and (ii) the point with the highest average value of sensitivity and specificity found for each 
classification model. Again, we were also interested in the negative predictive value (false 
negatives) and positive predictive value (false positives) of each cut-point. The negative 
predictive value represents the proportion of all participants predicted to Pass who were 
actual Passes and the and the positive predictive value represents proportion of all 
participants predicted to Fail who were actual Fails. Avoiding unnecessary false positive and 
negative errors is important and will taken into consideration alongside sensitivity and 
specificity statistics.  
8.1.4.6 Relationship Between the Driving Error Checklist and On-road Assessment 
Outcome 
Intra-class correlations were computed using Cronbach’s α to assess reliability between the 
on-road error ratings provided by the occupational therapist and driving instructor. Errors 
identified by the occupational therapist as contributing to an on-road Fail score were summed 
and ranked by frequency. The relationship between each error and Pass and Fail group was 
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investigated using Fisher’s Exact Test (for expected cell frequencies <5). The phi coefficient 
was computed as a measure of association of each error to the Pass and Fail rating.  
8.2 Results for the Standard Assessment Group (n=60) 
8.2.1 On-Road Assessment 
Twenty-one of the 60 participants (35%) failed the on-road driving assessment, with no 
difference in Fail rates between males and females (13 of 36 males Failed, 8 of 24 females 
Failed; Fisher’s Exact Test, two-tailed p = 1.0). The mean age of the Fail group was 80.7 
years and 76.4 years for the Pass group (Mann-Whitney U test, two-tailed, z = -1.88, p = .06). 
Forty-eight participants started the on-road assessment from Burwood Hospital with the 
remaining 12 starting the assessment from home. There was no difference in Pass and Fail 
rates between those who started the assessment from Burwood hospital versus home (Mann-
Whitney U test, two-tailed, z = -.54, p = .59). Table 8-2 summarizes the results of the Pass 
and Fail groups, including the number of drivers rated at each level of the driving scale score. 
Table 8-2.  Characteristics of on-road assessment Pass and Fail groups for n=60 
  
Driving 
Scale score 
Number of 
participants Total Sex Age 
0 0 
1 6 
2 6 
n=8 females (33.3% of females) 
3 8 
4 0 
Fa
il 
5 1 
n=21 Fail  
(35.0% of sample) 
n=13 males (36.1% of males) 
Mean age  
 80.7 years 
6 4 
7 12 
n=16 females (66.7% of females) 
8 14 
9 9 
Pa
ss
 
10 0 
n=39 Pass 
(65.0% of sample) 
n=23 males (63.9% of males) 
Mean age   
76.4 years 
 
In comparison to the spread of scores in the Healthy Older Drivers, study where the majority 
of scores clustered around a driving scale score of five or six on either side of the Pass/Fail 
divide, the driving scale scores in the current study were bimodal, with most scores clustering 
in the mid range of the Pass and Fail scores. This could suggest that referred drivers were 
more likely to be considered clean Pass and Fail outcomes rather than scoring in the 
borderline range. It could also show differences between ratings of the occupational therapist 
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used in the Healthy Older Drivers study and the current study. Finally, it could also indicate a 
difference in driver behaviour as drivers in the Healthy Older Drivers study did not suffer 
consequences for poor performance which could have led to a more relaxed approach with a 
resultant clustering in the middle of the driving scale values range. 
Eighty-six percent of test measures returning significant Shapiro-Wilk W scores, indicating 
that the majority of the data were non-normally distributed. These results are presented in 
Appendix Q. 
8.2.2 Pass and Fail Groups: Significant Differences and Effect Sizes  
Details of the ability of independent variables to discriminate between Pass and Fail groups 
are shown in Table 8-3 and Table 8-4 along with Cohen’s effect sizes for parametric data and 
Cohen’s effect-size for rank-transformed variables for non-parametric data (Hopkins, 2004).  
Most SMCTests, with the exception of the Tracking and Arrows Perception tests, showed 
differences between Pass and Fail outcomes. Differences in the Ballistic Movement measures 
were in the direction that participants in the Fail group had slower reaction and movement 
times. In the Divided Attention test the Fail group correctly identified the direction of fewer 
arrows and omitted responses more frequently. In the Complex Attention test the Fail group 
had slower reaction and movement times  and a higher number of invalid trials. In the 
Planning test the Fail group made more road position errors, remained in error for a greater 
amount of time, drove over more road hazards, and were involved in a greater number of 
crashes.  
Table 8-3.  Comparison of on-road Pass and Fail groups for non-normally distributed variables using 
Mann-Whitney U tests  
Test Measure 
Median 
Pass 
group 
(n=39) 
Median 
Fail 
group 
(n=21) 
Mann-
Whitney 
U p-
value 
(*p<.05) 
Cohen-
type 
effect 
size1 
Gender (1 = male, 2 = female) 1.0 1.0 .827 -0.06 
Age (years) 79.0 80.0 .060 0.53 
Handedness (1 = right, 2 = left) 1.0 1.0 .646 0.12 
Ballistic Movement Test     
 Reaction time, right hand (ms) 409 527 .001* 1.00 
 Reaction time, left hand (ms) 409 462 .001* 1.03 
Continued on following page 
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 Reaction time, grand mean (ms) 408 548 .000* 1.10 
 Movement time, right hand (ms) 270 361 .001* 1.08 
 Movement time, left hand (ms) 270 350 .000* 1.18 
 Movement time, grand mean (ms) 265 359 .000* 1.18 
 Total reaction and movement times, right hand (ms) 748 878 .000* 1.20 
 Total reaction and movement times, left hand (ms) 684 960 .000* 1.20 
  Total reaction and movement times, grand mean (ms) 686 907 .000* 1.29 
Tracking Tests     
 Sine tracking run 1 error (mm) 24.4 27.4 .190 0.36 
 Sine tracking run 2 error (mm) 14.5 18.9 .185 0.36 
 Random tracking run 1 error (mm) 12.9 15.5 .069 0.52 
  Random tracking run 2 error (mm) 11.7 15.9 .072 0.51 
Arrows Perception Test     
  Number of arrows correct 12.0 12.0 1.00 0.00 
 Omission of arrows response 0.0 0.0 .075 0.46 
Divided Attention Test     
 Tracking error (mm) 13.5 14.6 .137 0.37 
 Number of arrows correct 11.0 9.0 .039* -0.52 
  Omission of arrows response 0.0 2.0 .006* 0.70 
Complex Attention test   
 
 
 Reaction time (ms) 682 903 .003* 0.85 
 Movement time (ms) 463 486 .102 0.48 
 Movement time standard deviation (ms) 89 128 .083 0.48 
 Number of lapse errors 1.0 1.0 .366 0.24 
 Number of invalid trials 0.0 1.0 .006* 0.75 
Planning Test   
 
  
 Lateral road position error (mm) 3.0 3.6 .029* 0.71 
 Duration of positional faults (s) 11.6 20.2 .023* 0.69 
 Distance travelled (m) 3.2 3.4 .553 0.18 
 Intersection safety margin (mm) 17.0 3.0 .369 -0.44 
 Number of hazards hit 2.0 3.0 .015* 0.61 
  Number of crashes 2.0 4.0 .036* 0.58 
1The Cohen’s-type effect size is calculated using the mean ranks of Pass and Fail groups (Hopkins, 2004). 
Positive effect sizes show that a higher score on the measure was related to an increased likelihood of 
failing the on-road assessment, while negative effect sizes show a lower score on the measure was related 
to an increased likelihood of failing the on-road assessment. Median scores do not necessarily represent the 
direction of the effect as this is based on a calculation that utilizes mean ranks rather than the median 
value.  
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Table 8-4.  Comparison of on-road Pass and Fail groups for normally distributed variables using t-tests 
Test Measure 
Mean Pass 
group (n=39) 
Mean Fail 
group (n=21) 
t-test p 
value 
(*p<.05) 
Cohen's d 
effect size1 
Ballistic Movement Test      
 Peak velocity, right hand (ms) 757 559  .000* -1.14 
 Peak velocity, left hand (ms) 743 555  .000* -1.01 
 Peak velocity, grand mean (ms) 750 557  .000* -1.09 
Complex Attention test    
 
 
 Total mean movement and reaction times (ms) 1205 1427  .005* 0.79 
 Reaction time standard deviation (ms) 256 316  .051 0.55 
1Positive effect sizes show that a higher score on the measure was related to an increased likelihood of failing 
the on-road assessment, while negative effect sizes show a lower score on the measure was related to an 
increased likelihood of failing the on-road assessment. 
 
8.2.3 Classification of On-Road Pass and Fail 
Selection of variables offered to the BLR model followed the process described in Section 
6.1.3.2. First, pragmatic decisions were made about the variables that would be excluded 
from the model. The list of the 11 excluded measures along with the reasons for exclusion 
can be found in Appendix R. 
The next step was to examine the tolerance levels of the remaining variables using the SPSS 
function ‘collinearity diagnostics’. The effect sizes were ranked and the top 20 independent 
variables that were related to the dependent Pass/Fail outcome were checked for collinearity. 
Five variables were deleted due to tolerance values <0.2 (see Section 6.1.3.2 for a description 
of tolerance testing and cutoff values). These variables were Ballistic Movement total time 
grand mean, Divided Attention omission of arrows response, Random Tracking run 1, 
Complex Attention total mean movement and reaction times, and Ballistic Movement 
movement time grand mean. Of the remaining 15 variables, the 12 variables with the highest 
effect size were offered to model (i.e., one variable per 5 participants). In order of highest to 
lowest effect size these variables were: Ballistic Movement reaction time grand mean, 
Ballistic Movement peak velocity grand mean, Complex Attention reaction time, Complex 
Attention number of invalid trials, Planning hazards hit, Planning duration of positional 
faults, Planning lateral road position error, Planning number of crashes, Divided Attention 
number of arrows correct, Complex Attention reaction time standard deviation, Age, and 
Random Tracking run 2.  
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These 12 measures were entered into the BLR using a step-wise backwards elimination 
procedure. The model accepted four measures: Ballistic Movement peak velocity grand 
mean, Complex Attention number of invalid trials, Complex Attention reaction time standard 
deviation, and Random Tracking run 2. These measures accounted for 47% of the variance in 
the on-road outcome (Nagelkerke R2). The ROC AUC for the BLR model was .86 (z = 6.55; 
p <.001, 95% CI: .75–.94). The sensitivities, specificities, and total classification accuracies 
of the BLR across a range of cut-points are shown in Table 8-5. 
As described in Section 6.1.3.6, two cut-points were compared for each model, with details 
included in Table 8-5. Using a default criterion value of 0.5 (‘Default’ cut-point), the model 
correctly classified 50 of 60 participants (83.3%) into on-road Pass or Fail groups with a 
negative predictive value of 83.7%, and positive predictive value of 82.4%. 
Table 8-5.  The sensitivities, specificities, and classification accuracies of the BLR model at different cut-
points including the ‘Default’, and ‘Optimized’, cut-points 
Criterion1 Sensitivity (%) Specificity (%) Mean Sensitivity & Specificity (%) Accuracy (%) 
≥ 0.10 95.2 33.3 64.3 55.0 
≥ 0.20 90.5 59.0 74.7 70.0 
≥ 0.30 85.7 69.2 77.5 75.0 
≥ 0.39 ‘Optimized’ 76.2 84.6 80.4 81.7 
≥ 0.50 ‘Default’  66.7 92.3 79.5 83.3 
≥ 0.60 52.4 92.3 72.3 78.3 
≥ 0.70 38.1 94.9 66.5 75.0 
≥ 0.80 23.8 97.4 60.6 71.7 
≥ 0.90 19.1 97.4 58.2 70.0 
1Criteria displayed are the predicted probabilities of receiving a Fail score.  
 
The cut-point for the highest mean sensitivity and specificity value (mean = 80.4%, cut-point 
= 0.39, ‘Optimized’ cut-point) correctly classified 49 of 60 participants (81.7%) with a 
negative predictive value of 86.8%, and positive predictive value of 72.7%.  
The 60 iterations generated by leave-one-out cross-validation reduced the accuracy of the 
‘Default’ cut-point from 83.3% to 68.3% (41/60 correctly classified), sensitivity from 66.7% 
to 47.6%, specificity from 92.3% to 79.5%, negative predictive value from 83.7% to 73.8%, 
and positive predictive value from 82.4% to 55.6%. Leave-one-out cross-validation dropped 
the overall accuracy of the ‘Optimized’ cut-point from 81.7% to 63.3%, sensitivity from 
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76.2% to 52.4%, specificity from 84.6% to 69.2%, negative predictive value from 86.8% to 
73.0%, and positive prediction value from 72.7% to 47.8%. For a summary of these results 
see Table 8-6. 
Of the 60 iterations of the leave-one-out cross-validation, 16 contained a different set of 
measures from those used in the classification model: Ballistic Movement peak velocity 
grand mean, Complex Attention number of invalid trials, Complex Attention reaction time 
standard deviation, and Random Tracking run 2. Ballistic Movement peak velocity grand 
mean and Complex Attention invalid trials appeared in all 60 iterations, and were the sole 
tests used in 14 of the 16 iterations that accepted different tests from the classification model. 
For the remaining two iterations, Planning duration of positional faults was found in both and 
Planning hazards hit in just one. 
8.3 Results for the Extended Assessment Group (n=32) 
8.3.1 Diagnosis and Severity 
Eight of the 32 participants were classified as MCI and the remaining 24 as Alzheimer’s 
dementia. Of the eight with MCI, five met the criteria for Amnestic MCI multiple domain 
and three met the criteria for Amnestic MCI single domain (only memory significantly 
affected). Of those who met the criteria for Alzheimer’s dementia, none fell in the SMMSE 
range of ≤9 indicative of severe impairment, six fell in the range of 10-20 indicative of 
moderate impairment, nine fell in the range of 21-24 indicative of mild impairment, and nine 
fell into the ‘intact’ range of 25+. Of those who fitted the criteria for MCI, one scored 19 on 
the SMMSE (in the moderate impairment range), one scored 24 (in the mild impairment 
range), and the rest scored between 25 and 28 (in the ‘intact’ range). Even if significant 
cognitive impairment was evident on testing, the defining criterion for separating MCI from 
Alzheimer’s dementia was the informant report indicating the extent of functional 
impairment.  
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Table 8-6.  The sensitivities, specificities and overall classification accuracies of the BLR model for the standard assessment sample at three different cut-points 
including the accuracy following leave-one-out cross-validation 
Classification Following leave-one-out cross-validation 
Model Sensitivity 
(%) 
Specificity 
(%) 
Negative 
predictive 
value (%) 
Positive 
predictive 
value (%) 
Accuracy 
(%) 
Sensitivity 
(%) 
Specificity 
(%) 
Negative 
predictive 
value (%) 
Positive 
predictive 
value (%) 
Accuracy 
(%) 
BLR, n=60           
 ‘Default’ cut-point 66.7 92.3 83.7 82.4 83.3 47.6 79.5 73.8 55.6 68.3 
 ‘Optimized’ cut-point 76.2 84.6 86.8 72.7 81.7 52.4 69.2 73.0 47.8 63.3 
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8.3.2 On-Road Assessment  
Eleven of the 32 participants (34%) failed the on-road driving assessment with no difference 
in failure rates between males and females (9 males, 2 females; Fisher’s Exact Test, two-
tailed p = 0.43). The mean age of the Fail group was significantly higher than the Pass group 
at 79.2 years and 74.7 years respectively (t-test, two-tailed, t = -2.412, p = .02). Twenty-
seven participants started the on-road assessment from Burwood hospital with the remaining 
five starting the assessment from home. There was no difference in Pass and Fail rates 
between those who started the assessment from Burwood versus home (Mann-Whitney U 
test, two-tailed, z = -.725, p = .47). There was a trend for drivers with dementia to be more 
likely to receive an on-road fail, but this was not significant (12.5% of the MCI group Failed 
versus 41.7% of the Alzheimer’s group, Mann-Whitney U test, two-tailed, z = -1.481, p = 
.14). Table 8-7 summarizes the results of the Pass and Fail groups, including the number of 
drivers rated at each level of the driving scale score with the scores of the eight MCI 
participants noted. 
Table 8-7.  Characteristics of on-road assessment Pass and Fail groups for n=32 
  
Driving 
Scale score 
Number of 
participants Total Sex Age 
0 0 
1 4 
2 2 ( 1 MCI) 
n=2 females (20.0% of 
females) 
3 5 
4 0 
Fa
il 
5 0 
n=11 Fail  
(34.4% of sample) 
n=9 males (41.0% of males) 
Mean age  
79.2 years 
6 3 (3 MCI) 
7 6 (1 MCI) 
n=8 females (80.0% of 
females) 
8 6 (1 MCI) 
9 6 (2 MCI) 
Pa
ss
 
10 0 
n=21 Pass  
(65.6% of sample) 
n=13 males (59.1% of males) 
Mean age  
74.7 years 
 
The driving scale scores for the n=32 were again bimodal, with most scores clustering in the 
mid range of the Pass and Fail scores. Possible reasons for this are the same as for those 
discussed in Section 8.2.1. A breakdown of on-road Pass and Fail outcome by MCI group 
and Alzheimer’s dementia group broken down by severity is given in Table 8-8.  
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Table 8-8.  Number and percentage of drivers with MCI and with Alzheimer’s by dementia severity who 
Passed and Failed the on-road assessment 
  Dementia severity 
On-road outcome MCI Intact Mild  Moderate 
Pass 7 6 6 2 
Fail 1 3 3 4 
Percentage of group who failed 12.5% 33.3% 33.3% 66.7% 
 
8.3.3 Pass and Fail Groups: Significant Differences and Effect Sizes  
Before the data were tested for normality, four measures were deleted from further analysis. 
No driver reported using a motorcycle as a form of transport so this item from the Driving 
Habits Questionnaire was removed. All 32 participants reported wearing a seat-belt while 
driving, and all participants reported driving both within their immediate neighbourhood and 
within the wider area of Christchurch city.  
Normality testing showed that 81% of test measures returned significant Shapiro-Wilk W 
scores (i.e., were not normally distributed). These results are displayed in Appendix S.  
There were no officially recorded crashes for any participant in the five years prior to 
completion of their on-road assessment. 
Details of the ability for independent variables to discriminate between Pass and Fail groups 
are found in Table 8-9, Table 8-10, Table 8-11, and Table 8-12. Most of the SMCTests 
measures, excluding the Tracking tests and Arrows Perception, had at least one measure that 
was different between Pass and Fail groups. A small number of demographic and cognitive 
tests were different between Pass and Fail groups. Drivers in the Fail group had had their 
driving licences for a greater number of years than those in the Pass group, and were less 
likely to be driving at the time of the cognitive testing (i.e., their referrers had asked them to 
cease driving until they had completed the driving assessment). Drivers in the Fail group took 
longer to complete the Trail Making Test A, had higher error scores on the ADAS-Cog Total 
error score, and lower scaled scores on the Category Fluency test. The Ballistic Movement 
test had differences in the direction that participants in the Fail group had slower reaction and 
movement times. For the Divided Attention test the Fail group correctly identified the 
direction of fewer arrows, and omitted responses more frequently. For the Complex Attention 
test the Fail group had a larger reaction time standard deviation, a higher movement time 
standard deviation, and a higher number of invalid trials. For the Planning test the Fail group 
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selected smaller gaps at intersections. Drivers in the Fail group reported driving to distant 
towns within the South Island of New Zealand in the previous 12 months more frequently 
than the Pass group. 
The self-reported presence of medical conditions were compared between Pass and Fail 
groups using Fisher’s Exact Test (see Table 8-13), while the number of conditions reported, 
medications taken for reported conditions, and amount of distress associated with medical 
conditions were compared between groups using Mann-Whitney U tests (these measures all 
had significant Shapiro-Wilk W scores indicating their data were non-normally distributed). 
As no participants in the n=32 sample reported stroke, Parkinson’s disease, thyroid problems, 
multiple sclerosis, osteoporosis, head injury, diabetic retinopathy or retinal detachment these 
conditions do not appear in Table 8-13. 
Having heart disease was associated with an increased likelihood of failing the on-road 
assessment (p = .003) with a Cohen-type ranked effect sizes of 1.24. None of the eye 
conditions reported were significantly associated with on-road outcome. There was no 
significant difference between on-road Pass and Fail groups in the number of medical 
conditions endorsed (z = -1.509, p = .131), frequency with which medications were taken for 
medical conditions (z = -0.292, p = .771), or the amount of distress associated with medical 
conditions (z = -0.722, p = .470). Although the Fail group had trends for higher mean ranked 
scores for both the number of medical conditions and number of medications taken, the Pass 
group had a trend for a higher ranked mean score for the amount of distress associated with 
medical conditions, which is in opposite to the direction that expected. 
8.3.4 Classification of On-Road Pass and Fail 
8.3.4.1 Binary Logistic Regression – extended assessment model 1 
Selection of variables that were offered to the BLR model followed the process described in 
Section 6.1.3.2. First, pragmatic decisions were made about the variables that would be 
excluded from being offered to the model. A list of the 19 measures along with the reasons 
for exclusion can be found in Appendix T. 
The next step was to examine the tolerance levels of the remaining variables using the SPSS 
function ‘collinearity diagnostics’. The effect sizes were ranked and the top 15 independent 
variables that were related to the dependent Pass/Fail outcome were checked for collinearity. 
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Table 8-9.  Comparison of on-road Pass and Fail groups for non-normally distributed demographic and 
driving variables using Mann-Whitney U tests. 
Test Measure 
Median 
Pass group 
(n=21) 
Median Fail 
group 
(n=11) 
Mann-
Whitney 
U p-value 
(*p<.05) 
Cohen-
type effect 
size1 
Gender (1 = male, 2 = female) 1.0 1.0 .827 -0.44 
Handedness (1 = right, 2 = left) 1.0 1.0 .646 0.16 
Diagnosis (1 = MCI, 2 = Alzheimer’s) 1.0 1.0 .139 0.60 
Years of Education 11.0 12.0 .952 0.02 
Years of Driving 51.0 62.0 .029* 0.86 
Demerit points earned in the previous 5 
years 0.0 0.0 .413 0.32 
Forms of transport used regularly (binary):     
 drive own car 1.0 1.0 .011* -0.83 
 taken as passenger 1.0 1.0 .298 0.45 
 taxi 0.0 0.0 .969 -0.01 
 bicycle 0.0 0.0 .469 -0.31 
 bus 0.0 0.0 .866 0.06 
 walking 1.0 1.0 .939 0.03 
Wear glasses when driving 1.0 1.0 .373 0.34 
Self-rated quality of driving (ordinal)2 4.0 4.0 1.00 0.00 
People who during the last year have driven:     
 to neighbouring towns 1.0 1.0 .379 -0.31 
 to distant towns 0.0 1.0 .003* 1.23 
 to places outside of the South Island 0.0 0.0 .469 -0.31 
1The Cohen’s-type effect size is calculated using the mean ranks of Pass and Fail groups (Hopkins, 
2004). Positive effect sizes show that a higher score on the measure was related to an increased 
likelihood of failing the on-road assessment, while negative effect sizes show a lower score on the 
measure was related to an increased likelihood of failing the on-road assessment. Median scores do 
not necessarily represent the direction of the effect as this is based on a calculation that utilizes mean 
ranks rather than the median value.2Self-rated driving was rated on an ordinal scale as follows: 1 = 
poor, 3 = average, 5 = excellent.  
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Table 8-10. Comparison of on-road Pass and Fail groups for non-normally distributed cognitive variables 
using Mann-Whitney U tests. 
Test Measure 
Median 
Pass group 
(n=21) 
Median 
Fail group 
(n=11) 
Mann-
Whitney U 
 p-value 
(*p<.05) 
Cohen-
type effect 
size1 
Geriatric Depression Scale 2.0 1.0 .088  -0.65 
Mini-Mental State Exam 25.0 24.0 .133 -0.55 
VOSP Incomplete Letters (z-score) 0.13 -0.66 .376 -0.33 
Colour-Word Interference, Colour naming 
scaled score 6.0 4.0 .243 -0.42 
Colour-Word Interference, Interference 
scaled score 6.0 1.0 .323 -0.22 
Trail Making Test A (z-score)2 0.47 2.41 .045* 0.80 
Trail Making Test B (z-score)2 1.91 10.02 .068 0.68 
Judgement of Line Orientation (percentile) 56.0 56.0 .572 -0.20 
Rey Complex Figure copy (ordinal score)3 1.0 5.0 .133 0.59 
Rey Complex Figure immediate recall (T 
score) 31.0 24.0 .796 -0.09 
Activities of Daily Living Scales     
 
The Informant Questionnaire on Cognitive 
Decline in the Elderly 4.0 4.1 .952 -0.02 
1The Cohen’s-type effect size is calculated using the mean ranks of Pass and Fail groups (Hopkins, 
2004). Positive effect sizes show that a higher score on the measure was related to an increased 
likelihood of failing the on-road assessment, while negative effect sizes show a lower score on the 
measure was related to an increased likelihood of failing the on-road assessment. Median scores do 
not necessarily represent the direction of the effect as this is based on a calculation that utilizes mean 
ranks rather than the median value. 2Higher z-scores for Trail Making Test A and B score equate to 
longer times required to complete the task relevant to the cognitively-unimpaired standardization 
group. 3The Rey Complex Figure standardized data for the copy trial does not give scores across the 
spectrum of the distribution, but only up to the 16th percentile. An ordinal score was assigned for the 
reported percentiles as such: 1 = >16th percentile, 2 = 11–16th percentile, 3 = 6–10th percentile, 4 = 2–
5th percentile, 5 = ≤1st percentile. Thus the lower the ordinal score, the more impaired the copy 
performance was. 
 
Table 8-11.  Comparison of on-road Pass and Fail groups for non-normally distributed SMCTests 
variables using Mann-Whitney U tests. 
Test Measure 
Median 
Pass group 
(n=21) 
Median Fail 
group 
(n=11) 
Mann-
Whitney U  
p-value 
(*p<.05) 
Cohen-
type effect 
size1 
Ballistic Movement Test     
 Reaction time, right hand (ms) 423 496 .77 0.71 
 Reaction time, left hand (ms) 415 444 .005* 1.11 
 Reaction time, grand mean (ms) 408 548 .015* 1.04 
Continued on following page 
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Continued from previous page 
Test Measure 
Median 
Pass 
group 
(n=21) 
Median 
Fail 
group 
(n=11) 
Mann-
Whitney U  
p-value 
(*p<.05) 
Cohen-
type 
effect 
size1 
 Movement time, right hand (ms) 257 357 .031* 0.98 
 Movement time, left hand (ms) 259 346 .016* 1.04 
 Movement time, grand mean (ms) 259 342 .013* 1.07 
 Total reaction and movement times, right hand (ms) 665 821 .034* 0.95 
 Total reaction and movement times, left hand (ms) 683 1036 .004* 1.31 
  Total reaction and movement times, grand mean (ms) 674 907 .006* 1.23 
 Peak velocity, right hand (ms) 867 610 .014* -1.09 
Tracking Tests     
 Sine tracking run 1 error (mm) 22.0 26.5 .827 0.13 
 Sine tracking run 2 error (mm) 15.1 14.5 .677 0.08 
 Random tracking run 1 error (mm) 11.0 14.5 .592 0.16 
  Random tracking run 2 error (mm) 10.8 15.7 .416 0.23 
Arrows Perception Test     
  Number of arrows correct 11.0 11.0 .388 0.29 
 Omission of arrows response 0.0 0.0 .272 0.40 
Divided Attention Test     
 Number of arrows correct 11.0 11.0 .036* -0.84 
  Omission of arrows response 0.0 0.0 .025* 0.87 
Complex Attention test     
 Reaction time standard deviation (ms) 190 351 .045* 1.07 
 Movement time standard deviation (ms) 83 130 .039* 0.86 
 Number of lapse errors 0.0 1.0 .635 0.19 
  Number of invalid trials 0.0 1.0 .025* 0.86 
Planning Test     
 Lateral road position error (mm) 3.1 3.5 .310 0.38 
 Duration of positional faults (s) 8.9 20.2 .088 0.65 
 Distance travelled (m) 3.5 3.3 .473 -0.29 
 Intersection safety margin (mm) 23.0 0.0 .046* -0.81 
 Number of hazards hit 2.0 3.0 .268 0.45 
  Number of crashes 1.0 3.0 .195 0.48 
1The Cohen’s-type effect size is calculated using the mean ranks of Pass and Fail groups (Hopkins, 2004). 
Positive effect sizes show that a higher score on the measure was related to an increased likelihood of 
failing the on-road assessment, while negative effect sizes show a lower score on the measure was related 
to an increased likelihood of failing the on-road assessment. Median scores do not necessarily represent the 
direction of the effect as this is based on a calculation that utilizes mean ranks rather than the median value. 
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Table 8-12.  Comparison of on-road Pass and Fail groups for normally distributed variables using t-tests. 
Test Measure 
Mean Pass 
group 
(n=21) 
Mean Fail 
group 
(n=11) 
t-test p 
value 
(*p<.05) 
Cohen's 
d effect 
size1 
Age 74.7 79.2 .077 0.59 
Road code questions 10.4 9.5 .211 -0.48 
Wechsler Test of Adult Reading 105.4 106.2 .846 0.07 
ADAS-Cog Total score2 17.6 22.6 .027* 0.87 
VOSP Silhouettes (z-score) -0.52 -0.51 .989 0.01 
Colour-Word Interference, Word reading scaled score 8.0 5.5 .054 -0.75 
Letter Fluency scaled score 8.8 6.0 .063 -0.73 
Category Fluency scaled score 6.3 3.9 .010* -1.03 
Letter-number Sequencing scaled score 8.5 7.0 .220 -0.48 
Block Design scaled score 8.8 6.8 .130 -0.58 
Activities of Daily Living Scales     
 Four-Item Instrumental Activities of Daily Living Scale 7.1 6.6 .507 -0.25 
 
Alzheimer’s dementia Activities of Daily Living 
International Scale 1.2 1.0 .406 -0.31 
Ballistic Movement Test     
 Peak velocity, left hand (ms) 767 588 .009* -1.01 
 Peak velocity, grand mean (ms) 779 587 .003* -0.90 
Divided Attention Test     
 Tracking error (mm) 13.5 15.2 .429 0.30 
Complex Attention test     
 Reaction time (ms) 733 850 .112 0.61 
 Movement time (ms) 462 518 .271 0.42 
  Total mean movement and reaction times (ms) 1204 1384 .085 0.66 
1Positive effect sizes show that a higher score on the measure was related to an increased likelihood of failing 
the on-road assessment, while negative effect sizes show a lower score on the measure was related to an 
increased likelihood of failing the on-road assessment. 2Higher ADAS-Cog Total scores indicate a higher 
number of errors performed. 
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Table 8-13.  Comparison of reported medical conditions for on-road Pass and Fail groups and the Cohen-
type effect size for ranked transformed variables  
Medical Condition 
% endorsed in 
Pass group  
(n=21) 
% endorsed in 
Fail group  
(n=11) 
Fisher’s 
Exact Test 
(two-tailed, 
p<.05) 
Cohen-
type effect 
size1 
Heart disease 4.7% 54.5% .003* 1.24 
Cancer 9.5% 0% .534 -0.45 
High blood pressure 19.0% 18.2% 1.00 -0.02 
High cholesterol 9.5% 36.4% .148 0.65 
Sleep apnoea 9.5% 27.3% .310 0.45 
Diabetes 0% 9.1% .167 0.43 
Arthritis 33.3% 45.5% .703 0.24 
Depression 23.8% 9.1% .637 -0.39 
Anxiety 14.3% 0% .534 -0.56 
Surgery 14.3% 18.2% 1.00 0.10 
Falls 14.3% 9.1% 1.00 -0.16 
Cataracts 28.6% 9.1% .374 -0.50 
Macular degeneration 0% 9.1% .344 0.43 
Glaucoma 4.8% 9.1% 1.00 0.16 
1The Cohen’s-type effect size is calculated using the mean ranks of Pass and Fail groups 
(Hopkins, 2004). Positive effect sizes show that a higher score on the measure was related to 
an increased likelihood of failing the on-road assessment, while negative effect sizes show a 
lower score on the measure was related to an increased likelihood of failing the on-road 
assessment. 
 
Three independent variables were deleted due to tolerance values <0.2 (see Section 6.1.3.2 
for a description of tolerance testing and cutoff values). The three deleted variables were 
Ballistic Movement total reaction and movement times grand mean, Ballistic Movement peak 
velocity grand mean, and Divided Attention number of arrows correct. Of the remaining 12 
variables remained, the six variables with the highest effect size were offered to the model. In 
order of highest to lowest effect size these variables were: Heart disease, Ballistic Movement 
movement time grand mean, Ballistic Movement reaction time grand mean, Category 
Fluency scaled score, ADAS-Cog Total score, and Complex Attention number of invalid 
trials. 
These six measures were entered into a BLR model using a step-wise backwards elimination 
procedure. The model accepted three measures: Heart disease, Category Fluency scaled 
score, and ADAS-Cog Total score. These measures accounted for 72% of the variance in the 
CHAPTER 8 - Study 3 – Dementia and Driving 
 
 155 
on-road outcome (Nagelkerke R2). The ROC AUC for the BLR model was .92 (z = 7.114; 
p<.001, 95% CI: .78–.99). The sensitivities, specificities, and classification accuracies of the 
BLR across a range of cut-points are shown in Table 8-14. 
As with the n=60 standard assessment sample, two cut-points were compared for each model. 
The ‘Default’ cut-point of 0.50 correctly classified 30 of 32 participants (93.8%) into on-road 
Pass or Fail groups with a negative predictive value of 95.2%, and positive predictive value 
of 90.9%. The ‘Optimized’ cut-point of 0.53 correctly classified 31 of 32 participants 
(96.9%) into on-road groups with a negative predictive value of 95.5%, and positive 
predictive value of 100.0%. 
The 32 iterations generated by leave-one-out cross-validation reduced the accuracy of the 
‘Default’ cut-point from 93.8% to 71.9%, sensitivity from 90.9% to 54.6%, specificity from 
95.2% to 81.0%, negative predictive value from 95.2% to 60.0%, and positive predictive 
value from 90.9% to 60.0%. The accuracy of the ‘Optimized’ cut-point reduced from 96.9% 
to 71.9%, sensitivity from 90.9% to 54.6%, specificity from 100.0% to 81.0%, negative 
predictive value from 95.5% to 77.3%, and positive predictive value from 100.0% to 60.0%. 
Table 8-14.  The sensitivities, specificities and classification accuracies of the BLR model at different cut-
points including the ‘Default’, and ‘Optimized’ cut-points 
Criterion1 Sensitivity (%) 
Specificity 
(%) 
Mean Sensitivity & 
Specificity (%) Accuracy (%) 
≥ 0.10 90.9 71.4 81.2 78.1 
≥ 0.20 90.9 76.2 83.6 81.3 
≥ 0.30 90.9 81.0 85.9 84.4 
≥ 0.40 90.9 95.2 93.1 93.8 
≥ 0.50 ‘Default’ 90.9 95.2 93.1 93.8 
≥ 0.53 ‘Optimized’ 90.9 100.0 95.5 96.9 
≥ 0.60 72.7 100.0 86.4 90.6 
≥ 0.70 72.7 100.0 86.4 90.6 
≥ 0.80 54.6 100.0 77.3 84.4 
≥ 0.90 54.6 100.0 77.3 84.4 
1Criteria are the predicted probabilities of receiving a Fail score.  
 
Note that the values following leave-one-out cross-validation are identical for both the 
Default and Optimized cut-point due to the closeness of these two points (0.50 and 0.53 
respectively). For a summary of these results see .Table 8-15. 
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Of the 32 iterations of the leave-one-out cross-validation, 12 contained a different set of 
measures from the model formed by heart disease, Category Fluency scaled score, and 
ADAS-Cog Total score that were utilized in the classification. Ten of these 12 different 
models, however, did not include any additional tests from the six tests offered to the model, 
but rather dropped one of the three tests from the classification model. Eight of these models 
retained Heart disease and ADAS-Cog Total score while dropping Category Fluency scaled 
score, and a further two models retained Heart disease and Category Fluency scaled score 
and dropped ADAS-Cog Total score. Only two models contained a different test and in both 
instances this extra test was Ballistic Movement reaction time grand mean. 
8.3.4.2 Binary Logistic Regression – extended assessment model 2 
As described in Section 8.1.4.2, an alternate method for choosing variables to be offered to 
the BLR model was investigated. Instead of offering the six independent variables with the 
largest effect size between Pass and Fail groups to the model, the top two SMCTests 
measures (no more than one measure from a subtest), the top two cognitive measures (again 
no more than one measure from each test) and the top two medical illnesses were offered to 
the BLR model using the backwards step-wise selection method. The process prior to this 
selection was identical to the standard BLR reported above. 
The six variables that met criteria outlined above were heart disease, high cholesterol, 
Ballistic Movement movement time grand mean, Complex Attention number of invalid trials, 
Category Fluency scaled score, and ADAS-Cog Total score. Five of these variables were the 
same as five used in the standard BLR model except for the exclusion of Ballistic Movement 
reaction time grand mean (this was bypassed due to the Ballistic Movement movement time 
grand mean measure already having been offered to the model) and the inclusion of high 
cholesterol. 
Step-wise backwards elimination procedure resulted in a model with the same three measures 
as the n=32 extended assessment model 1: heart disease, Category Fluency scaled score, 
ADAS-Cog Total score. Because the same measures were accepted, model 2 was the same as 
model 1 in every respect including classification accuracy statistics and ROC AUC (see 
Section 8.3.4.1 and Table 8-14). 
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Table 8-15.  The sensitivities, specificities and overall classification accuracies of the BLR model for the extended assessment model 1 at three different cut-points 
including the accuracy following leave-one-out cross-validation 
Classification Following leave-one-out cross-validation 
Model Sensitivity 
(%) 
Specificity 
(%) 
Negative 
predictive 
value (%) 
Positive 
predictive 
value (%) 
Accuracy 
(%) 
Sensitivity 
(%) 
Specificity 
(%) 
Negative 
predictive 
value (%) 
Positive 
predictive 
value (%) 
Accuracy 
(%) 
BLR, n=32 model 1           
 ‘Default’ cut-point 90.9 95.2 95.2 90.9 93.8 54.6 81.0 77.3 60.0 71.9 
 ‘Optimized’ cut-point 90.9 100.0 95.5 100.0 96.9 54.6 81.0 77.3 60.0 71.9 
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Although the model 2 classification model was the same as model 1, the leave-one-out cross-
validation results could have been different since the six measures offered to the 
classification model were also offered to each iteration of the leave-one-out cross-validation, 
meaning that the deletion of Ballistic Movement reaction time grand mean and the inclusion 
of high cholesterol could have changed one or more iterations. The 32 iterations of leave-
one-out cross-validation did indeed lead to slight changes compared to the extended 
assessment model 1. The accuracy of both the ‘Default’ and Optimized cut-points reduced 
75.0%, sensitivity to 54.6%, specificity to 85.7%, negative predictive value to 78.3%, and 
positive predictive value to 66.7%. For a summary of these results see Table 8-16. 
Twelve of the 32 iterations of leave-one-out cross-validation contained a different set of 
measures from the model formed by heart disease, Category Fluency scaled score, and 
ADAS-Cog Total score that were utilized in the classification. However, 11 of these 12 
different models did not include any additional tests from the six tests offered to the model, 
but rather dropped one of the three tests from the classification model. Nine of these models 
retained Heart disease and ADAS-Cog Total score while dropping Category Fluency scaled 
score, and the remaining two models retained Heart disease and Category Fluency scaled 
score and dropped ADAS-Cog Total score. Only one model contained additional tests and in 
that case all six of the offered variables were accepted into the model. 
To further clarify the relationship between the two extended assessment models, they are in 
practice the same model as they both include the same three independent measures. Extended 
assessment model 2 shows that by offering different measures to the model in a leave-one-out 
cross-validation can change the estimated predictive accuracies. The practical application of 
the extended assessment model is that only three measures would be performed and included 
in the BLR model and the model will subsequently be referred to in singular form. 
8.3.4.3 Binary Logistic Regression – SMCTests Measures Only 
As the n=32 extended assessment model appeared to do a better job at classifying on-road 
outcome than the n=60 standard assessment model, and as no SMCTests measures were 
accepted into the n=32 model, we decided to do an additional analysis to see the effect of 
offering only the measures that were available to the n=60 standard assessment sample to the 
n=32 sample: SMCTests measures, age, and gender. We were interested in whether the 
accuracy of this classification model would resemble the n=60 full sample model. 
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Table 8-16.  The sensitivities, specificities and overall classification accuracies of the BLR model for the extended assessment model 2 at two different cut-points 
including the accuracy following leave-one-out cross-validation 
Classification Following leave-one-out cross-validation 
Model Sensitivity 
(%) 
Specificity 
(%) 
Negative 
predictive 
value (%) 
Positive 
predictive 
value (%) 
Accuracy 
(%) 
Sensitivity 
(%) 
Specificity 
(%) 
Negative 
predictive 
value (%) 
Positive 
predictive 
value (%) 
Accuracy 
(%) 
BLR, n=32 model 2           
 ‘Default’ cut-point 90.9 95.2 95.2 90.9 93.8 54.6 85.7 78.3 66.7 75.0 
 
‘Optimized’ cut-
point 90.9 100.0 95.5 100.0 96.9 54.6 85.7 78.3 66.7 75.0 
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The 15 variables with the highest effect sizes were entered into ‘collinearity diagnostics’. 
These variables include age and gender along with 13 SMCTests measures. Four variables 
were deleted due to tolerance values <0.2 (see Section 6.1.3.2 for a description of tolerance 
testing and cutoff values). The four deleted variables were Ballistic Movement reaction time 
grand mean, Ballistic Movement peak velocity grand mean, Ballistic Movement total time 
grand mean, and Divided Attention number of arrows correct. Of the remaining 11 variables, 
the six variables with the highest effect size were offered to the model. In order of highest to 
lowest effect size these variables were: Ballistic Movement movement time grand mean, 
Complex Attention number of invalid trials, Divided Attention omission of arrows response, 
Complex Attention reaction time standard deviation, Complex Attention movement time 
standard deviation, and Planning intersection safety margin.  
These six measures were entered into a BLR model using a step-wise backwards elimination 
procedure. The model accepted two measures: Divided Attention omission of arrows 
response, and Planning intersection safety margin. These measures accounted for 37% of the 
variance in the on-road outcome (Nagelkerke R2). The ROC AUC for the BLR model was 
.79 (z = 3.147; p=.002, 95% CI: .61–.91).  
As the n=60 standard assessment model had a Nagelkerke R2 value of 47% and an AUC of 
.86, the n=32 SMCTests-only model is clearly not as accurate at classification. As with 
previous models, two cut-points were investigated and leave-one-out cross-validation was 
performed and the results were very poor. Following leave-one-out cross-validation, the 
sensitivities of both cut-points were 27.3%, with positive predictive values also 27.3% 
indicating that this model would detect few true Fails and would misclassify many Passes as 
Fails. It appears that SMCTests measures were not useful in classifying on-road outcome in 
this sample. 
8.4 On-Road Errors and On-Road Outcome 
Driving errors conducted during the on-road assessment were recorded using an on-road error 
list described in Section 5.10.1. Both assessors were asked to note the occurrence of errors, 
whether they continued despite verbal instruction, and whether the assessor considered the 
error to be a contributing factor for an on-road Fail score. It was subsequently decided that 
the rating of whether the participant continued performing an error after instruction was not 
consistent between participants. This was because the chance to prove corrected behaviour 
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might not occur during the remainder of the drive. Thus, these data were not further 
investigated. Table 8-17 displays the frequency that each error on the driving error checklist 
was rated by the two raters as occurring, and also Cronbach’s α which determines the level of 
agreement between raters. There was a high degree of agreement between the raters with 11 
error ratings with α values of .80 or above. The error ‘Incorrect indication at an intersection’ 
had a negative α of -0.11. This is due to no agreement between the two ratings for any of the 
7 participants who had this error noted.  
The two most frequently rated reasons for a Fail score were ‘Decreased awareness of other 
road users’ and ‘Decreased awareness of environment’, with the former reason being a reason 
for all 21 participants who failed the assessment (see Table 8-18). Five errors did not 
contribute to a Fail score for any participants. ‘Incorrect indication at a roundabout’ which 
had the highest occurrence in the sample as a whole (42 participants according to the 
occupational therapist’s rating) was only considered by the occupational therapist to have 
directly contributed to one person’s Fail score. 
Eighteen errors were related to Pass and Fail outcomes (Table 8-18). All but four variables 
were in the expected direction of occurring more frequently in the Fail group. Three variables 
did not occur in the Fail group at all: ‘Turned into incorrect lane on multi-lane road’, ‘Fails to 
give way to pedestrians at intersection’, and ‘Inappropriate use of arrow traffic lights’. The 
error ‘Fails to follow pedestrian crossing rules’ occurred once in the Fail group and twice in 
the Pass group. 
The errors most related to a Fail outcome are shown by the largest phi coefficients and are 
similar to the occupational therapist’s self-rated contribution of error to Fail scores (Table 
8-18). Of the top 10 errors rated as contributing to Fail scores by the occupational therapist, 8 
were ranked in the top ten by phi coefficient for errors associated with Fail scores: 
‘Decreased awareness of other road users’, ‘Decreased awareness of environment’, ‘Lack of 
scanning techniques’, ‘Inappropriate gap selection’, ‘Incorrect use of give way rules at 
intersections’, ‘Didn't react in time to situation / incorrect action taken’, ‘Driving too close to 
(or over) left line’, and ‘Driving above the speed limit’.  
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Table 8-17.  Cronbach’s α and 95% confidence interval for agreement on the commission of errors 
between raters 
Type of Error 
Frequency 
rated by 
occupational 
therapist 
Frequency 
rated by 
driving 
instructor 
Cronbach’s 
α 
95% 
confidence 
interval 
Fails to follow pedestrian crossing rules 3 3 1.00 1.00 – 1.00 
Decreased awareness of environment 21 20 0.98 .97 - .99 
Decreased awareness of other road users 21 19 0.96 .94 - .98 
Driving/starting in wrong gear 7 6 0.96 .93 - .97 
Inappropriate gap selection 18 15 0.94 .98 - .96 
Incorrect use of give way rules at 
intersections 14 13 0.92 .87 - .95 
Driving below the speed limit 16 16 0.91 .84 - .94 
Driving above the speed limit 29 27 0.89 .82 - .93 
Incorrect indication at a roundabout 42 44 0.86 .77 - .92 
Turned into incorrect lane on multi-lane road 4 7 0.83 .72 - .90 
Inappropriate use of arrow traffic lights 2 1 0.80 .66 - .88 
Driving too close to (or over) centre line 9 11 0.78 .64 - .87 
Lack of scanning techniques 19 21 0.77 .62 - .86 
Driving too close to (or over) left line 15 11 0.76 .60 - .86 
Didn't react in time to situation / Incorrect 
action taken 13 8 0.76 .60 - .86 
Lack of mirror use 21 24 0.76 .60 - .86 
Problem cornering: speed or position 8 8 0.72 .54 - .84 
Incorrect use of lanes in roundabout 3 4 0.71 .51 - .83 
Fails to observe signs 8 9 0.69 .47 - .81 
Immediate fail error (e.g. crash)  2 7 0.61 .34 - .77 
Lack of blind spot check 17 23 0.59 .31 - .75 
Following other cars too closely 12 3 0.56 .26 - .74 
Didn't apply 12 second search  6 17 0.55 .24 - .73 
Gear grinding/over-revving 5 1 0.50 .16 - .70 
Stopping too closely behind cars 5 2 0.41 .01 - .65 
Approaching intersections at excessive 
speed 2 6 0.36 -.07 - .62 
Incorrect indication at an intersection 2 5 -0.11 -.86 - .34 
Incorrect indication for lane changes  1 0 N/A N/A 
Fails to give way to pedestrians at 
intersection 1 0 N/A N/A 
 
 
CHAPTER 8 - Study 3 – Dementia and Driving 
 
 163 
Table 8-18.  Frequency of errors rated as contributing to a Fail outcome by the occupational therapist, 
and the statistical relationship of errors to Pass and Fail outcomes 
Error 
Frequency 
rated as 
contributing 
to the Fail 
score 
Fisher’s 
Exact Test 
p value 
Phi 
coefficient 
Decreased awareness of other road users 21 <.01 1.00 
Decreased awareness of environment 20 <.01 0.93 
Lack of scanning techniques 15 <.01 0.78 
Inappropriate gap selection 13 <.01 0.74 
Driving above the speed limit 13 <.01 0.48 
Incorrect use of give way rules at intersections 12 <.01 0.67 
Didn't react in time to situation / incorrect 
action taken 
10 
<.01 0.55 
Driving below the speed limit 8 0.01 0.35 
Driving too close to (or over) centre line 7 <.01 0.47 
Driving too close to (or over) left line 6 <.01 0.54 
Problem cornering: speed or position 6 <.01 0.53 
Lack of mirror use 6 <.01 0.49 
Lack of blind spot check 5 <.01 0.39 
Following other cars too closely 5 0.09 0.24 
Gear grinding/over-revving 3 <.01 0.41 
Didn't apply 12 second search 3 0.02 0.34 
Fails to observe signs 3 0.02 0.33 
Incorrect use of lanes in roundabout 3 0.04 0.31 
Stopping too closely behind cars 3 0.05 0.28 
Driving/starting in wrong gear 2 0.23 0.17 
Incorrect indication at an intersection 1 0.12 0.25 
Incorrect indication at a roundabout 1 0.56 0.10 
Fails to follow pedestrian crossing rules 1 1.00 -0.01 
Immediate fail error (e.g. crash) 0 0.10 0.25 
Incorrect indication for lane changes 0 0.35 0.18 
Fails to give way to pedestrians at intersection 0 1.00 -0.10 
Inappropriate use of arrow traffic lights 0 0.54 -0.14 
Turned into incorrect lane on multi-lane road 0 0.29 -0.20 
 
CHAPTER 8 - Study 3 – Dementia and Driving 
 
 164 
As part of the Driving Error List, the assessors were asked to rate each participant’s level of 
insight, awareness of their driving problems, receptiveness to feedback about their driving, 
and likelihood of benefiting from lessons. Only one person was rated as likely to benefit from 
lessons so this rating was not further explored. Ratings by the occupational therapist for the 
remaining three categories are given in Table 8-19. As is clear from the table, there was a 
pattern for those who passed the assessment to be rated more often as having intact insight, 
having an awareness of driving problems, and being more receptive to feedback following 
the drive. The distribution of these scores were significantly different ( χ 2 = 41.83, p = <.001, 
χ 2 = 40.52, p = <.001, χ 2 = 21.21, p = <.001 respectively).  
Table 8-19.  Ratings for insight, awareness of driving problems, and receptiveness to feedback for drivers 
who passed and failed the on-road assessment 
  On-road outcome 
Rating  Pass (number) Fail (number) 
Insight   
 Yes 33 1 
 Limited 5 4 
 No 1 16 
Awareness of driving problems   
 Yes 29 1 
 Limited 7 1 
 No 3 19 
Receptiveness to feedback   
 Yes 38 10 
 Limited 0 1 
 No 1 10 
 
It is not surprising that those in the Pass group were more often receptive to feedback as this 
would have included the recommendation that they could continue driving. However, around 
half of those who were told they could no longer drive were also rated as receptive to this 
feedback. 
8.5 Discussion  
8.5.1 Associations Between Independent Variables and On-Road Outcome 
Many SMCTests measures and standard cognitive measures discriminated between on-road 
Pass and Fail groups with large effect sizes (<0.80). Many effect sizes for SMCTests were 
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over 1.0, with the Ballistic Movement measures showing consistently large effects (.71–
1.31). Several scores from the Complex Attention test also produced high effect sizes 
including reaction time (0.85), number of invalid trials (0.75), and total mean movement and 
reaction times (0.79). This contrasts with the Healthy Older Drivers study in which the two 
highest effect sizes were 0.80 for Trail Making Test B and 0.71 for Random Tracking run 1, 
with the majority of variables falling within the small to medium range (0.20 – 0.50). The 
effects sizes found in the current study are higher than those found in Reger et al.’s (2004) 
meta-analysis for the ability of cognitive tests to discriminate between drivers with dementia 
with positive or negative driving outcomes (determined for most studies following on-road 
assessment). The cognitive domain with the highest effect size in the Reger et al. study was 
visuospatial skills with an effect of 0.29.  
 
Examining the effect sizes of cognitive measures in the n=32 subsample, the measure with 
the highest effect size (-1.03) was the Category Fluency scaled score which is a measure of 
generative speech that is reflective of executive function skills. The ADAS-Cog Total score 
which represents a comprehensive screen of the cognitive impairments found in Alzheimer’s 
dementia also had a large effect size (0.87). The Trail Making Test A’s effect size of 0.80 
was larger than the effect size of 0.68 for Trail Making Test B. Part B of the test is more 
difficult to complete than part A and many participants (both Passes and Fails) performed 
poorly or could not finish part B, therefore reducing its discriminative ability for predicting 
on-road Pass and Fail outcomes. That an essentially simplistic test such as Trail Making Test 
A, which consists of drawing lines between circled numbers, much like a connect-the-dots 
drawing, can discriminate reasonably well between on-road Pass and Fail groups suggests 
that many participants were impaired to the point where more basic skills such as visual 
scanning and/or motor speed were impaired.  
Contrary to our expectations, informant reports of functional impairments were not useful in 
deciding which drivers with cognitive impairment would Pass or Fail the on-road assessment. 
The trend of the Alzheimer’s dementia Activities of Daily Living International Scale was in 
the opposite from expected direction in that drivers who failed the on-road assessment were 
rated as less impaired then drivers who passed. Although the trends for Four-Item 
Instrumental Activities of Daily Living Scale and the Alzheimer’s dementia Activities of 
Daily Living International Scale were both in the expected direction that the fail group had 
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poorer scores, the effect sizes were small (-0.25 and -0.31 respectively). Perhaps the 
information received from informants was biased, in that difficulties were minimized either 
unconsciously or on purpose. Alternatively, perhaps these activities included in the 
questionnaires do not correlate well with the driving task. 
Of note in the extended assessment results is the strong effect size (1.23) between self-reports 
of participants driving their cars to distant towns in the South Island of New Zealand within 
the last 12 months. The effect was in the direction that the people who reported that they had 
driven long distances were more likely to fail the on-road assessment. This seems counter-
intuitive, as we would expect that people driving further afield would be more confident in 
their driving abilities, and would hope that this confidence would be based at least to some 
extent on their actual level of driving ability. The fact that the relationship was in the 
opposite direction perhaps indicates that these people driving longer distances had poorer 
insight into their driving abilities and were placing themselves at increased risk of negative 
driving outcomes through their behaviour. The sex distribution of people who reported 
driving to distant towns was investigated, with 82% of respondents being male compared to 
69% of the total sample. Perhaps there is a sex influence, whereby men are more likely to 
continue driving longer distances even in the face of poorer driving skills. This measure was 
not offered to the extended assessment model as it was eliminated at the first step for 
pragmatic reasons along with the other driving behaviour questions. This self-report measure 
would be worth investigating in future studies of drivers with dementia to confirm that the 
result was indeed spurious. 
Another interesting outcome for self-reported driving behaviour was that drivers who 
reported that they were not currently driving their own car at the time of the cognitive testing 
were more likely to fail the on-road assessment (Cohen-type effect size of -0.83). Participants 
in this group had ceased driving for a variety of reasons. Some had had a recent physical 
health problem which had required driving cessation for a few months and whose ability to 
restart driving was then queried on cognitive grounds which lead to the referral for 
assessment. Some drivers had been told by their doctors at the time of referral that they 
should not drive until the outcome of their on-road assessment was known. However, not all 
participants who were told not to drive were complying with this instruction, and several 
confided to the experimenter that they had continued to drive, at least on one or two 
occasions due to having no other easy method of transportation. These people were noted as 
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still driving their car regardless of what they were advised to do by their doctor. It is also 
possible that participants told the examiner that there were not driving when they actually 
were for fear of consequences for not following their doctor’s orders. So the validity of this 
measure is questionable, but could suggest that those drivers with MCI or Alzheimer’s 
referred for a driving assessment may be more likely to fail if they were not currently driving.  
There were trends for many medical conditions to be more prevalent in the Pass group, 
including cancer, depression, anxiety, falls, and cataracts. Some potential problems with the 
way details regarding medical conditions were collected is mentioned in Section 8.5.2. In 
summary, medical conditions were self-reported often with a family member present who 
was able to confirm the diagnosis or prompt the participant to report ones they had forgotten. 
Hence, the results should be considered reliable, although the relationship between physician-
reported medical conditions and on-road driving ability would be a useful future area of 
enquiry. The presence of heart disease discriminated between Pass and Fail groups with a 
large effect size (1.24) which indicates its potential usefulness for detecting those who might 
be more likely to Fail an on-road assessment. Interestingly, there was a trend for drivers who 
reported more distress associated with medical conditions to be more likely to pass the on-
road assessment, which is in the opposite direction from that expected. Perhaps driving 
problems linked with distress associated with medical conditions needs a larger sample of 
driving behaviour to detect than provided by a 45-minute on-road driving assessment. 
Alternatively, perhaps those who reported distress mad more insight generally and were thus 
more likely to Pass the on-road assessment. 
Interestingly, the 15-item road rules knowledge test failed to discriminate between on-road 
Pass and Fail groups. Also, many of the participants required assistance in understanding the 
intention of the questions and took a very long time to complete this ‘short’ test. This 
indicates that road rules tests may be too difficult for drivers with MCI and Alzheimer’s 
dementia to complete (both Passes and Fails) and that road rules knowledge should instead be 
assessed in context as part of an on-road driving assessment.  
Overall, the effects of most independent variables were in the expected direction that drivers 
who failed the on-road driving assessment on average had poorer scores. As mentioned in 
Section 5.1.3.2, Babyak (2004) has many objections to researchers constructing models on 
the basis of relationships between independent and dependent variables found within the 
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same sample and suggests instead that researchers have clear ideas about the variables they 
want to investigate and to enter these variables into models on the basis of theory rather than 
association within the sample. The data provided in Table 8-3, Error! Reference source not 
found., Table 8-9, Table 8-10, Table 8-11, and Table 8-12 include effect size differences 
between Pass and Fail groups and could provide fruitful measures to include in a model built 
with a new participant sample.  
8.5.2 Classification of On-Road Driving Ability 
Table 8-20 summarizes the accuracy statistics for the two n=32 models and the n=60 model 
which will be discussed separately below. 
8.5.2.1 Standard Assessment Model (n=60) 
The standard assessment classification model had lower sensitivities than the extended 
assessment model. The model could only be offered SMCTests measures and chronological 
age and it selected Ballistic Movement peak velocity grand mean, Complex Attention 
number of invalid trials, Complex Attention reaction time standard deviation, and Random 
Tracking run 1. Given the four measures accepted into the classification model, off-road 
testing would take around 30 min with the Ballistic Movement test, Complex Attention test 
and Sine and Random Tracking runs 1 and 2 needing to be performed using the CanDAT 
semi-portable system. 
The leave-one-out cross-validation produced expected decrements in both sensitivity and 
specificity, although the drops in accuracy were not as large as the drops observed in the 
extended assessment model, which is likely due to the larger sample size of this model which 
allowed for a more robust classification model to be built. During the leave-one-out cross-
validation, there were 16 iterations with models different from that of the classification model 
although only two of these 16 contained different measures, with Planning duration of 
positional faults making two appearances and Planning number of hazards hit making one 
appearance. Following leave-one-out cross-validation, the standard assessment model had 
negative predictive values in the 73.0% to 73.8% range for the two presented cut-points 
which indicates that around 27% of those with a predicted Pass are likely to actually receive a 
Fail on the on-road assessment. The positive predictive values range from 47.8% to 55.6% 
for the two cut-points which indicates that around 50% of participants who receive a Fail 
score on the off-road assessment would also be expected to receive a Fail score on the on-
road assessment. 
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Table 8-20.  The sensitivities, specificities and overall classification accuracies of the BLR models at three different cut-points for classification models along with 
their accuracy following leave-one-out cross-validation 
Classification Following leave-one-out cross-validation 
Model Sensitivity 
(%) 
Specificity 
(%) 
Negative 
predictive 
value (%) 
Positive 
predictive 
value (%) 
Accuracy 
(%) 
Sensitivity 
(%) 
Specificity 
(%) 
Negative 
predictive 
value (%) 
Positive 
predictive 
value (%) 
Accuracy 
(%) 
BLR, n=60           
 ‘Default’ cut-point 66.7 92.3 83.7 82.4 83.3 47.6 79.5 73.8 55.6 68.3 
 ‘Optimized’ cut-point 76.2 84.6 86.8 72.7 81.7 52.4 69.2 73.0 47.8 63.3 
BLR, n=32 model 1           
 ‘Default’ cut-point 90.9 95.2 95.2 90.9 93.8 54.6 81.0 77.3 60.0 71.9 
 ‘Optimized’ cut-point 90.9 100.0 95.5 100.0 96.9 54.6 81.0 77.3 60.0 71.9 
BLR, n=32 model 2           
 ‘Default’ cut-point 90.9 95.2 95.2 90.9 93.8 54.6 85.7 78.3 66.7 75.0 
 ‘Optimized’ cut-point 90.9 100.0 95.5 100.0 96.9 54.6 85.7 78.3 66.7 75.0 
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8.5.2.2 Extended Assessment Models (n=32) 
The measures accepted into the extended assessment model were (i) the binary incidence of 
self-reported heart disease (with an incidence of 54.5% in the Fail group and 4.7% in the Pass 
group); (ii) Category Fluency scaled score, which is a measure of generative speech often 
used to measure executive function deficits; and (iii) the ADAS-Cog Total score, which is a 
reasonably comprehensive screen for cognitive impairments associated with Alzheimer’s 
dementia. None of the SMCTests measures offered to the models were accepted into the 
model.  
The most intriguing of the accepted measures is heart disease. Given that all participants met 
criteria for either a diagnosis of Alzheimer’s dementia or MCI, the potential effects of heart 
disease on driving must be over and above the cognitive deficits measured by the ADAS-Cog 
and Category Fluency test. It is possible that heart disease measures some useful interaction 
of cognitive and sensory-motor measures that are not explained better by the measurement of 
these deficits on their own. It could also be that the method of collecting the heart disease 
information was faulty. Information was not sought from participants’ doctors but rather 
from self-report. This was often done with a family member present which would reduce the 
chances that large numbers of participants were giving inaccurate information. Also, the 
reported absence of heart disease does not mean that vascular pathology does not exist but 
rather that symptoms may not have been apparent or reported. The finding of the importance 
of heart disease requires replication, in particular to see if reports from a participant’s doctor 
are associated with on-road driving. If this association is confirmed, then the presence of 
heart disease in patients with dementia would be a valuable indicator for doctors to determine 
the possible driving risk profile of their patients. Given the three measures accepted into the 
classification model, off-road testing could take around 35-50 minutes to perform (ADAS-
Cog approx 30-40 minutes for those with dementia plus 5-10 minutes for Category Fluency 
depending on whether its forerunner test Verbal Fluency was performed first). 
During the leave-one-out cross-validation of the two extended assessment models there was a 
large decline in sensitivity, from 90.9% for both classification cut-points to 54.6%. 
Specificity was less affected but also dropped from the high 90s to the low to mid 80s. 
Following the leave-one-out cross-validation, the negative predictive values in the high 70s 
for both cut-points indicate that around 22% of those predicted to Pass the on-road road 
assessment would actually receive a Fail score. The positive predictive values of 60% to 
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66.7% indicate that around 37% of drivers predicted to Fail the on-road assessment would 
actually Pass. 
In addition, a model formed using just SMCTests measures performed very poorly compared 
to the cognitive tests and medical condition data accepted into the model. This adds further 
evidence that SMCTests measures are of little value in helping classify on-road assessment 
outcomes in people with MCI and Alzheimer’s dementia. 
Overall, the extended assessment model produced higher sensitivities in classification than 
the standard assessment model but these lowered substantially following leave-one-out 
classification to be only slightly higher than the standard assessment model. This may 
indicate overfitting occurring in the extended assessment model, most likely due to the 
smaller sample size which would be expected to produce a less stable model than the 
standard assessment model. Age was not controlled for in any of the models, although many 
of the cognitive test scores were adjusted for age. Age did not have a high enough effect size 
to be offered to the extended assessment model, and although it made the top 12 of variables 
offered to the standard assessment model, it was not accepted by the classification model or 
any of the 60 iterations of the leave-one-out cross-validation. In the standard assessment 
sample, age discriminated Pass and Fail groups with a moderate effect size of 0.53. When 
investigating samples with restricted age ranges, such as in the current study and the Healthy 
Older Drivers study, it is less likely that age would appear as a predictor of driving ability 
than when a sample also includes middle-aged and younger drivers.  
8.5.3 Interpretation of On-Road Error Results 
Inter-rater agreement on the commission of driving errors was high for many items. This 
indicates that many of the listed errors were identified independently by each rater. 
Discrepancies in some ratings could be due to varying thresholds for each rater in defining 
when an error occurred, and also to different levels of attention to driving behaviour; the 
driving instructor had the dual task of guiding the drive as well as maintaining safety of the 
vehicle, whilst the occupational therapist was able to concentrate fully on driving behaviour. 
Reliability of the detection of errors is an important first step in determining the usefulness of 
a behavioural rating system. 
The two measures most commonly cited as contributing to a Fail outcome were not errors per 
se, but rather a subjective judgment made by the occupational therapist and/or driving 
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instructor that a driver exhibited decreased awareness of the environment and/or other road 
users. The fact that these two awareness measures were rated for all but one fail outcome 
suggests that a single measure of decreased awareness could be used instead of two separate 
ones. This result may indicate that subjective statements presumably based on both the 
commission of errors and an interpretation of general demeanor and behaviour during the 
assessment are useful for making decisions about driving ability. There was a high level of 
agreement between the subjective ratings of the occupational therapist as to which errors 
were especially important to a Fail outcome and the degree to which the frequency of these 
errors (whether or not they were rated as important) was associated with on-road Fail scores.  
The current study found a number of potentially useful error measures that were related to 
on-road Pass and Fail outcomes and were also rated as useful contributors to identifying 
people with on-road Fail outcomes by an occupational therapist. Including an evidence-based 
error list as part of a non-standardized driving assessment would allow for systematic 
collection of error information that may contribute to more reliable Pass and Fail on-road 
outcomes. 
8.5.4 Generalization of the Results 
The participants in the current study were referrals from a driving assessment service that 
included both those referred by general practitioners and those referred from a memory 
assessment clinic in the same district. The exclusion criteria required that participants had not 
had a previous stroke or severe head injury in an attempt to recruit a sample of people whose 
cognitive impairments were due to MCI or Alzheimer’s dementia. Thus, the results cannot 
necessarily be expected to generalize well to those with histories of brain insult not due 
solely to a dementing process. Results may also not generalize well to a group of drivers with 
forms of dementia other than Alzheimer’s dementia.  
The sample of 32 participants who agreed to additional testing may have been different from 
the remaining 28 participants in the full sample. As reported in Section 8.1.1, there was no 
difference in male/female composition of the extended and standard assessment groups but 
age almost reached significance (p = .051) for the standard assessment group being older 
(mean = 79.9 years in standard group versus 76.2 years in extended assessment group). 
Further unmeasured differences between groups may influence the generalizability of the 
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results of the cognitive testing but will not affect the results of the SMCTests measures in the 
standard assessment sample.  
Because of potential limitations in the recruiting process, the predictive value assigned to the 
individual tests used in the BLR models could be lower or higher for the general population 
of drivers with dementia. 
8.5.5 Errors in Prediction of On-Road Assessment Outcome 
As with the Healthy Older Drivers study, it is likely that some measures potentially useful for 
the prediction of driving ability were not included in the current study. A rating of dementia 
severity using the Clinical Dementia Rating may have been useful in the current study. As 
shown in Table 8-8, there was a trend for on-road failure rates to increase from MCI to 
Alzheimer’s ratings of ‘intact’ and mild impairment and then to moderate impairment, but a 
larger sample than 32 would be required to raise confidence in these findings. 
As with the Healthy Older Drivers study, the reliability and validity of the on-road driving 
assessment is unknown. Section 3.8 details potential problems with the assessment. It is 
important to note that the validity of any on-road test purporting to determine driver safety in 
dementia groups will likely never be known. Establishing predictive validity for the ability of 
the on-road assessment to predict subsequent negative driving outcomes such as crashes and 
traffic offences would be dependent on allowing all drivers with dementia to continue driving 
regardless of on-road assessment performance in order to determine the subsequent rate of 
negative driving events between Pass and Fail groups. Since drivers with dementia are a 
high-risk group for negative driving events, it in unlikely that this sort of study will ever be 
performed and that pragmatic decisions made by specialists will continue to inform which 
people with dementia are judged to be safe or unsafe on the road. 
8.5.6 Comparison with Predictive Models of Driving in the Literature 
As with the Healthy Older Drivers study, there are few studies in the driving literature with 
which to compare the results of the Dementia and Driving models. This is because few 
researchers have recruited an MCI and/or dementia sample and compared off-road testing to 
blinded on-road outcome. Two studies were found that constructed a classification model for 
on-road performance that included a control group mixed with the dementia group (Hunt et 
al., 1993; Fitten et al., 1995). Such models are likely to be biased in reporting specificity 
since a control would be expected to perform better on both the off- and on-road testing. This 
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in turn would increase the overall accuracy of the model, even if the sensitivity for 
classifying those who failed (more likely to be those with dementia) was moderate to low in 
size, particularly if there were more controls recruited than people with dementia. Hence, 
only studies that compare off- and on-road testing within a sample of people with MCI or 
dementia were compared to the models in the current study. Four studies were found that met 
these criteria (see Table 8-21).  
Snellgrove (2000) recruited 115 community dwelling adults with MCI (CDR score of 0.5, 
n=23) and dementia (CDR score of 1.0, n=92, 65% Alzheimers dementia, 30% vascular 
dementia, 13% frontotemporal dementia, 2% Lewy-Body dementia) and used a simple maze 
completion task to classify Pass and Fail ratings for an on-road driving assessment using 
BLR. Using just the maze task time for completion and the error score, they were able to 
accurately classify 77.4% of the sample into Pass and Fail groups, with a sensitivity of 84.0% 
and a specificity of 61.8%. This is an impressive classification using just two scores from a 
single test and with a substantial sample size for this population. Unfortunately the author did 
not submit the model to statistical procedures to determine its stability and generalizability.  
Lincoln et al. (2006) recruited 37 adults with dementia and a control group to compare the 
results of cognitive testing on on-road driving assessment that resulted in ratings of ‘probably 
safe’ as well as ‘probably unsafe’ and ‘definitely unsafe’. Fortunately, they constructed a 
classification model with just the dementia sample. They used discriminant analysis, which is 
very similar to BLR but is for use with parametric data. Discriminant analysis suffers from 
the same problems with overfitting as BLR and, unfortunately, Lincoln et al. offered 13 
measures to their model for a variable to participant ratio of approximately 1 to 3 which 
likely led to substantial overfitting of their model. The authors reported an overall 
classification of 92.0% with a sensitivity of 90.0% and a specificity of 93.0%. Their study 
was the only one found to have estimated the predictive accuracy of the classification, by 
recruiting 17 new participants with dementia with which they tested their model equation 
(see Table 8-22). This model had an overall accuracy of 58.8% with a sensitivity of 40.0% 
and a specificity of 66.7%. This large reduction in accuracy may be explained by the likely 
large amount of overfitting present in their classification model due to the large number of 
variables entered. Lincoln et al. went on to choose a new cut-point for their model based on 
cut-points provided by ROC analysis which resulted in a model with 100% sensitivity. This 
is poor practice as in order to determine the potential accuracy of the classification model on 
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a new sample the same cut-point used in the original model must be used when estimating 
predictive accuracy.  
Duchek et al. (1998) recruited a sample of 44 people with CDR scores of 0.5 and 1.0 and 
used multiple regression to classify error score on an on-road driving assessment.  
The authors did not provide the age or sex profiles of their participants. Measures accepted 
into the BLR backwards stepwise classification model included visual search and divided 
attention measures as well as the Boston Naming Test (a measure of the ability to correctly 
name objects which is often impaired in dementia). Multiple regression provides a 
continuous outcome score which provides only a measure of variance accounted by the 
model, which was 0.65. No estimate of predictive accuracy was performed. Finally, Dawson 
et al. (2009) recruited 40 participants with Alzheimer’s dementia (83% male) who completed 
a number of cognitive measures and an on-road driving assessment to classify a driving error 
score using multiple regression. The measures of age, errors on the Benton Visual Retention 
Test (which assesses visual perception, memory, and visuoconstructive abilities) and Trail 
Making Test A accounted for 23% of the variance in the on-road driving error score. 
The study by Snellgrove (2000) provides the best comparison to the models produced in the 
current study. Their accuracy of classification is impressive given the inclusion of only two 
measures from a single test. The classification models from the current study have likely 
benefited from the addition of extra tests but are also more likely to have been affected by 
overfitting, which is reflected in the drops in all three models following leave-one-out cross-
validation. The Lincoln et al. (2006) model is likely seriously affected by overfitting as 
shown by the large reduction following testing on a new sample, and the authors actions of 
selecting a new cut-point in order to improve this outcome suggests they lack understanding 
of how to validate a classification model. The Duchek et al. (1998) and Dawson et al. (2009) 
studies are not as easily comparable to the models of the current study due to their use of 
multiple regression to classify a continuous on-road error score rather than a binary Pass/Fail 
outcome. In both cases, however, the reported variance accounted for is lower than for the 
Dementia and Driving extended assessment model. 
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Table 8-21.  Classification models-comparison of current and other studies with drivers with predominantly with MCI or dementia 
Reference 
Statistical 
Model 
Measures in Model Accuracy Sensitivity  Specificity  
Variance 
Accounted 
for (R2) 
n 
Mean Age 
of Sample 
Dementia and Driving   
(n=32) standard model 
(the current study) 
Binary logistic 
regression 
Heart disease, Category Fluency, ADAS-
Cog Total score 93.8%1 90.9%1 95.2%1 0.72 32 76.2 
Dementia and Driving   
(n=32) alternate model 
(the current study) 
Binary logistic 
regression 
Heart disease, Category Fluency, ADAS-
Cog Total score 93.8%1 90.9%1 95.2%1 0.72 32 76.2 
Dementia and Driving  
(n=60) 
(the current study) 
Binary logistic 
regression 
Ballistic Movement peak velocity, 
Complex Attention invalid trials, Complex 
Attention reaction time STD, Random 
Tracking  
83.3%1 66.7%1 92.3%1 0.47 60 77.9 
Snellgrove (2000) Binary logistic 
regression 
Maze task completion time and error score 77.4% 84.0% 61.8% N/S2 115 77.1 
Lincoln et al. (2006) Discriminant 
analysis 
Dot cancellation measures (x 2), square 
matrices measures (x2), road sign 
recognition, MMSE, Stroop, Behavioral 
Assessment of the Dysexecutive Syndrome 
(x2 subtests), VOSP Incomplete Letters, an 
object recognition test, information 
processing tests (x 2) 
92.0% 90.0% 93.0% N/S2 37 71.0 
Duchek et al. (1998) Multiple 
regression 
Visual search and divided attention 
measures, Boston Naming Task 
N/S2 N/S2 N/S2 0.65 44 NS2 
Dawson et al. (2009) Multiple 
regression 
Age, Benton Visual Retention Test errors, 
Trail Making Test A 
N/S2 N/S2 N/S2 0.23 40 75.1 
1Percentages are for the cut-point with the highest average of sensitivity and specificity. 2N/S = not stated and unable to be computed from provided data. 
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Table 8-22.  Comparison of the current study’s estimated predictive accuracy compared to the estimation of predictive accuracy of other studies using samples of 
predominantly MCI and dementia samples 
Reference 
Method of estimating predictive 
accuracy 
Measures in Model Accuracy Sensitivity Specificity n 
Mean Age 
of Sample 
Dementia and Driving   
(n=32) standard model 
(the current study) 
Leave-one-out cross-validation of 
binary logistic regression model 
6 measures offered with most 
iterations utilizing Heart disease, 
Category Fluency, and ADAS-
Cog Total score 
71.9%1 54.6%1 81.0%1 32 76.2 
Dementia and Driving   
(n=32) alternate model 
(the current study) 
Leave-one-out cross-validation of 
binary logistic regression model 
6 measures offered with most 
iterations utilizing Heart disease, 
Category Fluency, and ADAS-
Cog Total score 
75.0%1 54.6%1 85.7%1 32 76.2 
Dementia and Driving  
(n=60) 
(the current study) 
Leave-one-out cross-validation of 
binary logistic regression model 
12 measures offered with most 
iterations utilizing Ballistic 
Movement peak velocity, 
Complex Attention invalid trials, 
Complex Attention reaction time 
STD, and Random Tracking 
68.3%1 47.6%1 79.5%1 60 77.9 
Lincoln et al. (2006) New sample of 17 people to test the 
model developed on 37 people 
Dot cancellation measures (x 2), 
square matrices measures (x2), 
road sign recognition, MMSE, 
Stroop, Behavioral Assessment of 
the Dysexecutive Syndrome (x2 
subtests), VOSP Incomplete 
Letters, an object recognition test, 
information processing tests (x2) 
58.8% 40.0% 66.7% 17 75.8 
1Percentages are given for the cut-point in the classification model with the highest average of sensitivity and specificity. 2Value derived from the values given for 
sensitivity, specificity and total sample size. 
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8.6 Review of Study Hypotheses 
Given the results of the study, it is possible to address the hypotheses outlined in Section 4.3. 
8. A combination of standard cognitive tests and SMCTests measures will provide on-road 
Pass and Fail accuracy statistics higher than that achieved by previous studies. 
This hypothesis is not supported as the extended assessment model did not accept a 
combination of SMCTests measures along with cognitive measures but rather accepted a 
medical measure and two standard cognitive test measures. However, the model that was 
created had higher total accuracy, sensitivity, and specificity than Snellgrove’s (2000) model 
(see Table 8-21). Comparisons with the Lincoln et al. (2006) model are not useful due to that 
model’s expected large amount of overfitting caused by offering too many measures to the 
model. In any case, the three models from the current study fare better on all accuracy 
measures than the Lincoln et al. model.  
9. Drivers with MCI or Alzheimer’s dementia who report experiencing more distress from 
medical conditions will be more likely to receive a fail score in the on-road driving 
assessment. 
This hypothesis was not supported as in the extended assessment sample there was no 
difference in the amount of distress reported by drivers in the on-road Fail group. In fact, 
there was a trend for the Pass group to report more distress which is in the opposite from 
expected direction. The existence of heart disease, however, was linked to increased Fail 
rates. Presumably heart disease has physical and/or cognitive sequelae which affect the 
driving task that are not better explained by distress caused to an individual. It is possible that 
drivers with dementia are not as distressed by physical illness due to the decrements in 
memory and personality changes which are characteristic of dementia. Unlike the Healthy 
Driver Follow-up study, we are unable to follow these drivers with dementia prospectively to 
determine whether distress caused by medical conditions was related to subsequent crashes 
and traffic offences as found in the previous study. 
10. An on-road error list will contain errors which can discriminate between drivers with 
dementia or mild cognitive impairment who Pass and Fail an on-road driving assessment. 
This hypothesis was supported since eighteen errors were found that discriminated between 
Pass and Fail on-road groups and most of these errors were also rated by the occupational 
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therapist as being important contributors to her global judgment of Fail for many drivers. The 
two most frequently rated errors by the occupational therapist were ‘Decreased awareness of 
other road users’ and ‘Decreased awareness of environment’ which are not so much as errors 
as subjective opinions likely based on the performance of errors and other behaviours that 
occurred during the assessment. These two measures had the largest effect size differences 
between groups (1.00 and 0.93 respectively). The results of the error list can provide useful 
information about the types of errors likely to indicate a Pass or Fail outcome in a way that 
could be accepted as useful by driving assessors. 
8.7 Summary 
Sixty driving assessment centre referrals with mild cognitive impairment or Alzheimer’s 
dementia completed a computerized battery of sensory-motor and cognitive tests and a 
formal blinded on-road driving assessment. A backwards stepwise binary logistic regression 
model selected measures of reaction time and movement speed of the upper limbs, 
visuomotor planning and coordination, and sustained attention. Following leave-one-out 
cross-validation, this model was estimated to correctly predict 68.3% of an independent 
group of drivers with mild cognitive impairment and Alzheimer’s dementia into on-road Pass 
and Fail groups.  
A subsample of 32 participants completed additional standard cognitive tests and provided 
information on medical conditions. A binary logistic regression model in this subsample was 
formed which selected measures of verbal fluency, the presence of heart disease, and a fairly 
comprehensive cognitive screen. Following leave-one-out cross-validation, this model would 
be expected to correctly predict 75.0% of an independent group of drivers with mild 
cognitive impairment and Alzheimer’s dementia into on-road Pass and Fail groups. The three 
measures in this model could be performed in around 35-50 min in a primary health setting. 
This model is preferable to the SMCTests only model. 
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CHAPTER 9 - 
Concluding Summary and Outlook 
9.1 Achievement of Objectives 
The objectives outlined in the introductory chapter (Section 1.3) are reproduced below. 
1. Review the effects of normal ageing on driving performance. 
2. Review how mild cognitive impairment and dementia affect driving performance. 
3. Review how driving ability is currently assessed. 
4. Assess the accuracy of measures currently used to assess driving ability.  
5. Determine measures that predict on-road driving performance in a group of older 
cognitively-unimpaired drivers.  
6. Follow cognitively-unimpaired older drivers to determine if drivers who fail an on-road 
driving assessment are more likely to experience adverse driving events than drivers who 
pass the assessment. 
7. Determine measures the predict on-road driving performance in a group of drivers with 
mild cognitive impairment and dementia. 
The first four objectives were achieved by reviews of the literature presented in Chapters 2 
and 3. Objectives 5 to 7 were achieved through completion of the Healthy Older Drivers 
(Chapter 6), Healthy Driver Follow-up (Chapter 7), and Dementia and Driving (Chapter 8) 
studies. 
9.2 Main Findings 
The Healthy Older Drivers study produced a binary logistic regression model that included 
two measures (Trail Making Task B and Random Tracking run 1) that classified on-road Pass 
and Fail groups for cognitively-unimpaired drivers with 73.3% accuracy at the cut-point with 
the highest mean of sensitivity and specificity. However, the positive predictive values of 
50.0% for the Optimized cut-point and 31.8% following leave-one-out cross-validation 
indicates that just over two thirds of people who would be predicted to Fail the on-road 
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assessment would actually Pass. This high false positive rate would lead to many drivers 
being referred for unnecessary on-road assessments and the model cannot be recommended 
for use in this population.  
The Healthy Driver Follow-up study found that there was no increase in negative driving 
outcomes for those who Failed the on-road assessment as part of the Healthy Older Drivers 
study. Albeit with a small sample size, this unique study suggests that on-road assessments 
are not useful in determining future real-world negative driving outcomes in drivers without 
diagnosed cognitive impairment. Our result is in agreement with a reassessment of the 
findings of Keall and Frith (2004a) and Anstey et al. (2009) who are the only other 
researchers to have followed a group of predominantly cognitively-unimpaired older drivers 
in order to determine the predictive ability of an on-road driving assessment outcome for 
future real-world negative driving events. The Healthy Driver Follow-up study also detected 
significant reductions in long distance driving as well as bicycle use, and in walking as a 
form of transportation over a two year period. This behaviour change measured 
longitudinally is not subject to cohort effects that are a limitation in cross-sectional designs.  
The Dementia and Driving study comprised a sample of drivers known to be at increased risk 
for unsafe driving. Large effect size differences between on-road Pass and Fail groups for 
SMCTests measures, cognitive measures, and medical conditions provided ample scope to 
construct classification models. The standard SMCTests-only model did not have high 
enough accuracy statistics to recommend its use, with sensitivity scores across the two cut-
points ranging from 48% to 52% and positive predictive values that would mean around half 
of drivers predicted to Fail the assessment would actually Pass. This could be due to the 
novelty of the SMCTests testing scenario which may be particularly difficult for people with 
MCI and Alzheimer’s dementia due to difficulties with learning new tasks.  
The extended assessment model included cognitive and medical condition measures in 
preference to SMCTests. With resultant sensitivity of 55% for both cut-points following 
leave-one-out cross-validation, and positive and negative predictive values in the 60% to high 
70% range, this model may offer a useful screen for determining whether drivers with MCI 
or Alzheimer’s dementia are more likely to Fail an on-road assessment. The inclusion of the 
ADAS-Cog in the extended assessment model supports recommendations (Iverson et al., 
2010) that a rating of overall cognitive impairment (such as the CDR) can be useful in 
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determining whether a driver with dementia is safe to continue driving. The extended 
assessment model could be used in primary health settings to assess the driving ability of 
patients with MCI and Alzheimer’s dementia, and would take 40-50 minutes to perform.  
Surprisingly, scores on the functional impairment questionnaires were not related to on-road 
driving outcome, with two of the questionnaires having effects in the opposite from expected 
direction which suggests they are not useful for guidance in deciding whether a driver with 
MCI or Alzheimer’s dementia is safe to continue driving. Perhaps direct assessment of 
functional activities would be a better measure but such assessments require competent 
administration and scoring by occupational therapists and, hence, would make these tests 
unacceptable as a general screen for driving ability in this population. 
The driving error list constructed for the Dementia and Driving study found many errors with 
high levels of agreement between observers and which also successfully discriminated 
between Pass and Fail groups. The Dementia and Driving study showed the inability of 
questions about road rules to discriminate between on-road Pass and Fail groups, which 
indicates an area that may not be worth assessing as part of formalized protocols for 
assessing driving ability in drivers with MCI and Alzheimer’s dementia. 
Variances in performance of the driving task in people with dementia has proven difficult in 
understanding driving performance. This is likely due to the nature of driving which is an 
over-learned task that may not compare well to the ways we seek to measure it using 
cognitive and sensory-motor measures. Given that a primary effect of dementia is to reduce a 
person’s ability to learn new information and skills, it is perhaps not surprising that many 
participants perform very poorly on off-road assessments, or are unable to complete them, 
and yet can still drive to a standard considered safe by a driving assessor. The fact that the 
ADAS-Cog and Category Fluency proved useful in the extended assessment model in 
preference to the computerized SMCTests battery suggests that standard cognitive testing 
could be preferred over novel computerized or simulator tasks, even when the hardware used 
in those tasks are designed to be as face valid and familiar as possible. 
The current studies are important for our understanding of both New Zealand drivers and 
older drivers in general. The results allowed for the writing of recommendations for the 
assessment of older drivers for both medical practitioners and occupational therapists as 
presented in Sections 9.4 and 9.5. The findings should also be of interest to those charged 
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with implementing driving policy in New Zealand: the Ministry of Transport and the New 
Zealand Transport Agency. 
9.3 Critique of the Project 
There are always limitations to projects, especially those which attempt to deal with ‘real-
world’ issues. Some of these limitations are examined below. 
9.3.1 Sample Size 
The construction of stable models that can be generalized to new samples is reliant on the 
recruitment of an adequate sample size. In order to be able to detect large effects sizes 
between Pass and Fail groups, with around one third of participants expected to fail the on-
road assessment, we determined via power analysis that at least 60 participants would be 
required for each study. Sixty participants were successfully recruited for the Healthy Older 
Drivers study and we were able to find useful information regarding effect size differences on 
measures between Pass and Fail groups. In the Dementia and Driving Study, we initially 
aimed for all 60 participants to undergo the extended testing regimen which consisted of two 
additional appointments for collection of data additional to that provided by the standard 
SMCTests off-road test and the on-road driving assessment. It quickly became evident that 
many referrals to the driving assessment service were not interested in completing extra 
testing and the scope of recruitment was broadened to include a group of participants who 
were happy to have the results of their prescribed driving assessment included in a research 
study but who did not wish to undergo additional testing. It took 22 months of recruitment 
and testing to obtain data on 60 participants, with just over half agreeing to extended testing. 
Our power for finding large effects sizes was still adequate for the standard assessment 
sample but was lower for the extended assessment sample. Despite this, we were able to 
construct a model for the extended assessment sample whose accuracy was maintained 
relatively well following leave-one-out cross-validation. Even so, this model is unlikely to be 
as stable as the standard assessment model as it consists of fewer participants from whom to 
generalize. This was shown when two models were formed for the extended assessment 
sample, with leave-one-out cross-validation producing slightly different accuracy statistics 
based on a small difference in the six independent variables that were offered to construct the 
models. All participants for the Dementia and Driving sample were referrals to a driving 
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assessment centre and are therefore likely to represent the kinds of people referred to other 
similar driving assessment services.  
9.3.2 Estimated Predictive Accuracy of Classification Models 
A discussion regarding the use of regression models is provided in Section 6.1.3.2. A critique 
of regression methods (Babyak, 2004) suggests that classification models should not be built 
on the basis of measures found to be related to the outcome variable in the sample. Rather, 
researchers are advised to recruit a second sample of participants to form models based on 
relationships found in a previous sample (or a previous study) and to enter a preset number of 
variables via forced entry. We did not construct our models in this way since we were 
interested in including measures that had not been properly investigated in these samples, 
namely SMCTests, certain cognitive measures, and personality measures. Neither did we 
enter variables at a ratio of at least 1 to 10 as recommended by Babyak, but instead chose a 
ratio of 1 to 5 as deemed acceptable by Tabachnick and Fidell (2001). We also used a step-
wise elimination procedure to construct the model, something Babyak (2004) does not 
endorse. Two of the main criticisms of stepwise methods concern overfitting that occurs by 
offering too many variables to the model (Babyak, 2004) (a criticism that also applies for 
forced entry models when sample sizes are small), and the notion that the order in which 
variables are accepted into a forward stepwise model tells us something about the usefulness 
of those variables (Thompson, 1995) (i.e., the first measure accepted is the best predictor of 
the outcome variable). We minimized both of these concerns by a-priori selecting the number 
of variables that would be offered to each model at a ratio of 1 variable to 5 participants and 
by using a backwards elimination procedure with no attempt to determine which accepted 
variables were the ‘best’. In addition to these considerations, we also culled a number of 
variables that we determined did not have enough evidence to support their offering to the 
model or that we were only interested for descriptive purposes. This was done in order to 
concentrate on the variables we thought were mostly likely to be associated with driving in a 
predictable and explainable way. We also used collinearity diagnostics to detect variables 
that shared sufficient variance with one or more other measures in the model and could 
therefore be excluded from analysis. Most importantly, we used leave-one-out cross-
validation to test the generalizability and stability of the model rather than relying on the 
results of classification which are likely overfitted to the sample.  
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The study by Innes et al. (in press) described in Section 6.3.4 found that while 
computationally advanced modelling techniques such as product kernel density and support 
vector machines produced classification models on on-road pass and fail outcomes that were 
almost 100% accurate, these models all fared around the same as more commonly used 
methods of discriminant analysis and binary logistic regression following leave-one-out 
cross-validation. These results highlight the importance of looking beyond classification to 
estimate the predictive accuracy for the models we construct. This is especially important 
when the results of our efforts could be used to determine important outcomes such as 
deciding on a person’s ability to drive safely. We believe the methods used for this research 
project were better than most published driving research studies and we will continue to look 
at ways in which our techniques can be altered to provide a better description of driving 
behaviour.  
9.3.3 Diagnosis of Dementia and MCI 
Participants who took part in the extended assessment process of the Dementia and Driving 
study undertook substantial additional testing on cognitive and other measures. These 
measures were carefully selected both to provide evidence to assign diagnoses of MCI and 
Alzheimer’s dementia, and also to explore the domains of cognition that were candidates for 
the prediction of driving ability. We did not have access to medical records or CT or MRI 
brain scans and were relying entirely on the cognitive testing, information from informants, 
and self-reported medical conditions in order to make MCI and Alzheimer’s dementia 
diagnoses. It is possible that some of those in the Dementia and Driving study were 
incorrectly diagnosed. However, we are confident that our method of assessment was 
justified for the research project and it has provided a better understanding of the diagnostic 
status of older drivers referred for an on-road assessment due to concerns about declining 
cognitive skills, particularly since many referred drivers had not had any formal dementia 
assessment. Driving assessors must make their judgments of driving safety based on the often 
tentative diagnoses of “cognitive impairment” or “memory problems” that they receive on 
referral forms. Given this, it was reassuring to find that only a few recruited participants were 
subsequently excluded from analysis due to the decision that neither MCI or Alzheimer’s 
dementia were present. This indicates that fairly accurate expectations of the presence of 
MCI and Alzheimer’s dementia can be made on the basis of the referral letters, at least at the 
driving assessment centre that was used in the current studies. 
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9.3.4 Measures Not Included in the Current Studies 
There may have been tests not used in the current studies (including ones currently available 
and ones not yet developed) that could have been useful for prediction of driving ability.  
The Useful Field of View has been found to be useful in classifying self-reported crashes (De 
Raedt & Ponjaert-Kristoffersen, 2000; Hoffman & McDowd, 2010), officially-reported 
crashes (Owsley et al., 1991; Ball et al., 1993; Owsley et al., 1998; Sims et al., 1998; Ball et 
al., 2006), driving cessation (Ackerman et al., 2008; Edwards, Bart et al., 2009), and on-road 
driving assessment performance (De Raedt & Ponjaert-Kristoffersen, 2000; Whelihan et al., 
2005; Stav et al., 2008; Uc et al., 2009), making it the most researched off-road computerized 
test. The most useful subtest of the UFOV is one measuring divided visual attention and 
appears to be useful even in drivers with no diagnosed cognitive impairment. This suggests it 
is sensitive to the effects of normal ageing on visual search, visual attention, and processing 
speed skills. The SMCTests measure Divided Attention is probably the closest comparison to 
the UFOV in the current project. In the Healthy Older Drivers study the measures in the 
Divided Attention test only had a small effect size difference between Pass and Fail groups, 
suggesting that the test is not sensitive enough to detect the effects of normal ageing. In the 
Dementia and Driving study the Divided Attention measure had moderate significant effects 
(for two of the three measures) which suggest it was sensitive enough to detect driving 
problems in this group. However, only one Divided Attention measure (number of arrows 
correct) was offered to the Dementia and Driving standard assessment model and was not 
accepted in the final model. Another Divided Attention measure (omission of arrows 
response) had a higher effect size (.76 versus .56 for number of arrows correct) but was 
deleted during collinearity tolerance testing due to sharing significant amounts of variance 
with one or more (unknown) variables. Duchek et al. (1998) found that many people with a 
CDR rating of 1 (a dementia severity rating of mild) found the UFOV too difficult to 
complete. Perhaps the SMCTests Divided Attention measure is easier than the UFOV as 
evidenced by most of the Dementia and Driving sample being able to complete the test, but 
the test not being a useful predictor in the Healthy Older Drivers group. Therefore, the UFOV 
may have been useful for inclusion in the Healthy Older Drivers study and its follow-up but 
maybe not as useful as the Divided Attention test in the Dementia and Driving study. 
The Montreal Cognitive Assessment (MoCA, Nasreddine et al., 2005) is a brief screening 
tool similar to the MMSE which was specifically designed to be a more sensitive detector of 
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the cognitive problems associated with MCI. The MoCA has been found to also be more 
sensitive to the detection of mild dementia than the MMSE (Smith et al., 2007). The MoCA 
could have been a useful substitute for the MMSE in the current studies and should be 
considered as a replacement for the MMSE in future driving research. 
The Clock Drawing Test (CDT) is sensitive to the presence of Alzheimer’s dementia (Lezak 
et al., 2001). It consists of a person being asked to draw a clock face from memory with the 
hands of the clock pointing to a particular time, often 10 minutes past 11. In 2006 Molnar et 
al. (2006) performed a systematic review of the driving literature to find cognitive tests that 
were related to the driving ability of people with dementia. They found no studies that used 
the CDT, despite the test being recommended by the American Medical Association as a 
screening test for the detection of possible driving problems in people with dementia. Three 
studies by Freund and colleagues have investigated the usefulness of the CDT in samples of 
older drivers referred for driving assessments using simulated drive outcome measures. One 
study found a moderate correlation between CDT score and the number of errors performed 
(Freund et al., 2005). Another study found the CDT was the strongest classifier out of a 
group of tests for instances of unintended acceleration (Freund et al., 2008). Another study 
found significant differences in CDT score between groups rated as unsafe, safe, and 
restricted based on a simulated drive in which the assessors were not blinded to cognitive test 
outcomes (Freund & Colgrove, 2008). De Raedt and Ponjaert-Kristoffersen (2001) found that 
the CDT was accepted into a model that classified older drivers referred for a driving 
assessment into on-road pass and fail groups. Freund et al. (2008) consider the CDT to 
primarily be a measure of executive functioning, as well as measuring aspects of visuospatial 
and constructional abilities, memory, and abstract thinking. This claim for the CDT to be 
used as a measure of executive function is surprising, given that there are so many other more 
specific measures available which do not rely on intact visuospatial skills, such as the Trail 
Making Test, Colour-Word Interference, and Verbal Fluency measures. In any case, the CDT 
could be a useful addition to future driving research, particularly in investigating its use in 
detecting the on-road driving ability of those with dementia. 
A measure of sensation-seeking may have been useful for the Healthy Older Drivers and 
Healthy Driver Follow-up studies as higher scores on sensation-seeking scales have been 
associated with higher rates of self-reported and simulated risky driving behaviour in college 
students (Schwebel et al., 2006) and higher numbers of driving violations and tickets in 
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drivers aged 75 and over (Schwebel et al., 2007). Including a sensation-seeking scale was 
considered for the Healthy Older Drivers study but, as stated in Section 3.4, no scale 
specifically developed for older adults could be found. Since the items on current sensation-
seeking scales may not necessarily translate to an older adult sample we were not confident 
that data from these scales would necessarily be valid. Personality variables were not 
included in the Dementia and Driving study due to the time needed to fill in forms when the 
extended assessment already required around five hours to conduct. 
It would be useful to have a measure of the level of insight a person with cognitive 
impairment has into the effects of their condition on their driving behaviour, particularly 
since awareness of other road users and the environment were the two top rated reasons for 
drivers in the Dementia and Driving study failing the on-road assessment. A person with 
intact insight could be expected to monitor their driving performance and alter their 
behaviour to avoid complex driving scenarios situations. Unfortunately, insight is a difficult 
construct to measure, largely because it generally requires another person to rate the accuracy 
of a person’s self-awareness which in itself is a highly subjective process. This is the system 
used by the DriveAware questionnaire (Kay et al., 2009a; Kay et al., 2009b; Kay et al., 
2009c), but this questionnaire has not been used on its own to predict on-road outcome, only 
in combination with the DriveSafe test. Relying on the reports of significant others can be a 
problem due to denial of impairments, not wanting to hurt a person’s feelings (especially if a 
significant other is asked to comment while the person in question is present), and deliberate 
minimization of difficulties in order to retain the status quo. Insight is affected by MCI and 
dementia but, as with the progress of all other cognitive impairments, it is difficult to predict 
and likely even harder to assess for the reasons outlined above. An attempt was made to 
measure insight in the Dementia and Driving study by having the occupational therapist rate 
the extent of insight for each participant (response of ‘yes’, ‘limited’, and ‘no’). (see 
Appendix J for a copy of the form). No instruction was given to the occupational therapist 
regarding the meaning of ‘insight’. As shown descriptively in Table 8-19 participants in the 
on-road Fail group were more often rated as having no insight in comparison to those in the 
Pass group. The statistics closely match the values given for whether participants had an 
awareness of the driving problems they performed on road, and in reality both of these 
measure could rely on each other. Also, both of these ratings could be affected by memory 
impairments, perhaps with participants who had forgotten the errors they performed more 
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likely to be rated as having no insight or awareness of their driving problems as well as more 
likely to Fail the on-road assessment. Ratings of insight could have a place in driving 
assessment but the difficulty in defining what insight is and developing an appropriate way to 
measure it will be a barrier to its use. 
The effect of age-related visual decline or medical eye conditions on driving was not a focus 
of the current study. Visual acuity in the left and right eye individually and together were 
included as measures in the Healthy Older Drivers study, but no significant associations were 
found between on-road Pass and Fail groups. Because of this, visual acuity was not pursued 
as a variable in the Dementia and Driving study, although all participants were screened for 
visual acuity at the off-road assessment and were found to meet mandatory New Zealand 
requirements for private motor vehicle licensure: minimum visual acuity of 6/12 using both 
eyes together, with or without correcting lenses. Both participant samples had a high 
percentage of people with cataracts, but medical conditions were assessed 12 months after the 
on-road assessment in the Healthy Older Drivers study and therefore could not be used in 
classifying their on-road Pass and Fail outcome. In the Dementia and Driving study eye 
conditions were not associated with on-road Pass and Fail outcome. In fact, more people in 
the Pass group endorsed having cataracts than in the Fail group (28.6% versus 9.1%). Anstey 
et al. (2005) found little evidence of the usefulness of visual measures to predict either on-
road assessment outcome or real-world crash outcomes. Researchers may do better to 
concentrate on the more cognitively demanding aspects of vision such as measured by the 
UFOV. It is possible, however, that an interaction between cognitive and visual impairments 
could be more useful for predicting driving ability than visual or cognitive measures on their 
own. 
The driving error list in the Dementia and Driving study had space for the assessors to record 
whether a participant was able to alter specific poor driving behaviours during the remainder 
of their driving assessment. This measure was not analyzed since there would not have been 
equal opportunities for all participants to perform a manoeuvre again during the remainder of 
their drive. Knowing whether drivers with MCI and dementia can learn to change their 
driving behaviour would be immensely helpful in determining their risk of unsafe driving. 
For example, only one driver in the Dementia and Driving study was rated as being able to 
improve their driving with lessons, and lessons were not recommended to this person. This 
likely indicates the occupational therapist does not believe that drivers with dementia can 
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benefit from lessons. This conclusion would make intuitive sense given that a major deficit in 
dementia is in learning new information, but we do not know this for sure. Any on-road 
measure of whether driving errors were modified would not be complete without a study 
investigating whether any changes made persist beyond the driving assessment itself. There 
is no use in a driving behaviour changing during the assessment drive but then changing back 
during real-world driving, particularly if this is due to the instruction being forgotten. If it 
was found that some drivers with dementia retained the ability to modify their driving 
behaviour, then this could potentially be a useful measure for determining driver safety. 
9.3.5 Reliability and Validity of On-Road Assessment 
In the Healthy Older Drivers study, 27% of the participants failed the on-road assessment, 
compared with 35% of participants in the Dementia and Driving study. This seems a 
remarkably small difference between samples, especially since the Dementia and Driving 
sample were diagnosed with cognitive impairments necessary to meet requirements for MCI 
and Alzheimer’s dementia diagnoses. In terms of failure rates in other studies with dementia 
samples, these range from 27% to 63% (Fox et al., 1997; Grace et al., 2005; Lincoln et al., 
2006), which is in keeping with the fail rate found in the Dementia and Driving sample.  
In terms of failure rates in samples with healthy older drivers, Keall and Frith (2004a) found 
that 22% of a general population sample of over 39,000 drivers aged 80 and over failed a first 
attempt at an on-road driving test. In a sample of 270 predominantly cognitively-unimpaired 
drivers aged 70 and over, Wood et al. (2008) found that 17.4% received an on-road score that 
recorded the presence of critical driving errors. The Fail rate in the Healthy Older Drivers 
study is higher than both the Keall and Frith and Wood et al. studies. This could be due to a 
number of reasons. Firstly, inter-rater differences in driving assessors ratings between studies 
could influence Fail rates. Secondly, drivers in the Healthy Older Drivers study may not have 
driven as carefully during the study driving assessment as they would have had the outcome 
of the assessment been enforced, i.e., if a Fail rating led to licence cessation or the 
requirement for driver training. It is also possible that the lack of consequences for the on-
road assessment in this study led to the occupational therapist giving more Fail ratings than 
she would have had the drivers faced consequences. However, drivers in the Wood et al. 
study also suffered no consequences from their on-road assessments which dilutes the 
influence of these two factors. An inspection of the brief reports provided for the 16 
participants who failed in the Healthy Older Drivers study locates many errors which appear 
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to support Fail scores, such as driving on the wrong side of the road, excessive speeding, 
failing to give way to cars or pedestrians, and inability to negotiate double-lane roundabouts. 
For many participants a Fail score appears to be justified, but it is possible that at least some 
were judged more harshly than they should have been. It may simply be the case that many 
cognitively-unimpaired older drivers make mistakes that would lead to on-road assessment 
Fail scores (something we could expect to see in drivers of all ages). The majority of drivers 
with MCI and mild Alzheimer’s dementia may indeed be safe to continue driving. Of the 32 
participants for whom dementia severity was estimated, only six were in the moderate range. 
Since the majority of the 32 people in the extended assessment were either MCI or mild 
Alzheimer’s dementia it may be expected that only 35% received an on-road Fail rating. 
As discussed in Sections 3.8 and 6.3.4, the on-road assessments used in both the Healthy 
Older Drivers and the Dementia and Driving studies had not been tested for reliability or 
validity. We attempted to address some of these issues in the current research project, 
including construction of an on-road error list from the errors performed during the Healthy 
Older Drivers study for detection of errors in the Dementia and Driving study. Additionally, 
in the Healthy Driver Follow-up we were able to show that on-road Pass/Fail outcome was 
not related to subsequent crashes and traffic offences. In the Dementia and Driving study, we 
measured the inter-rater reliability of detection of errors on the on-road assessment and found 
high reliability ratings for many errors. Since the classification models in this research project 
were trained and tested against the on-road Pass and Fail outcome, our models were critically 
dependent upon the accuracy, reliability, and validity of our ‘gold standard’ on-road 
assessment. We are by no means alone in this situation, and ways for addressing this are 
outlined in Section 9.6 below. 
9.4 Recommendations for Medical Practitioners 
9.4.1 Prioritizing Access to Driving Assessment Resources 
Results from the Healthy Older Drivers and Healthy Driver Follow-up studies provide 
evidence to support a recommendation that on-road assessments are not necessary for older 
drivers who do not have diagnosed cognitive impairments. As discussed in Chapter 2, 
cognitively-unimpaired older drivers are amongst the safest drivers on the road and do not 
pose an increased risk to other road users. To counteract their increased physical fragility, 
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older drivers can decrease their risk of being injured or killed on the road by purchasing cars 
with multiple safety features in order to reduce the change of injury should a crash occur.  
9.4.2 Cognitive Impairment and Driving 
The results of the literature review and the Dementia and Driving study have shown that 
people with Alzheimer’s dementia who Fail an on-road assessment have significantly worse 
scores, at a group level, on a number of cognitive and sensory-motor tests than those who 
Pass (since only one participant with MCI failed the on-road assessment we cannot state the 
same finding with confidence for this group). It is therefore vital that people with cognitive 
impairments are detected and diagnosed in order that their risk can be assessed.  
General practitioners are in the best position to screen for cognitive impairments in their 
older patients, and in New Zealand the compulsory licence renewal ages of 75, 80, and every 
two years thereafter are ideal times for cognitive status to be assessed. We do not recommend 
the Mini-Mental State Exam for screening since it will miss many people with MCI and mild 
dementia. Instead, the Montreal Cognitive Assessment (MoCA) is a similar short screen with 
higher sensitivity for detecting MCI and mild dementia than the Mini-Mental State Exam 
(Nasreddine et al., 2005; Smith et al., 2007). The ADAS-Cog proved useful in the Dementia 
and Driving study, although it can take around 40 minutes to complete for a person with 
dementia and may need to be performed by a practice nurse rather than a doctor because of 
this. The detection of possible cognitive impairment using these measures is only the first 
step of a diagnosis and a diagnosis of dementia does not mean that a person is an unsafe 
driver. Everyone with dementia will have to stop driving at some point, with several 
researchers suggesting assessment every six months (Fox et al., 1997; Dubinsky et al., 2000; 
Duchek et al., 2003; Adler et al., 2005; Frittelli et al., 2009). Physicians are recommended to 
follow guidelines that that drivers with moderate or severe dementia cease driving (Canadian 
Medical Association, 2006; Australian and New Zealand Society for Geriatric Medicine, 
2010). 
9.4.2.1 Assessment of Driving History 
Physicians are encouraged to assess their patients with dementia more frequently than the 
two-yearly compulsory licence renewal medical evaluations that occur in New Zealand from 
age 80. It is worth taking more than a cursory approach to this questioning and there are a 
few guidelines to help with this. The reported absence of recent crashes and traffic offences 
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does not necessarily mean that a person is a safe driver. Crashes are low base-rate 
occurrences, even for impaired drivers, and other road users are often able to avoid unsafe 
drivers. Inquiring about ‘discussions’ with police officers, whether or not an infringement 
notice was administered, or whether other drivers have been complaining about the driver’s 
behaviour may provide useful information. 
A caregiver’s rating of a patient’s driving ability as marginal or unsafe has been shown to be 
related to adverse on-road outcomes but a patient’s self-rating of driving ability is not 
(Iverson et al., 2010). Some family members may be reluctant to talk about the issue of 
driving, particularly in the presence of the affected family member. Family members may 
also be invested in allowing an older relative to drive despite increased risk. It is important to 
remember that holding a driver licence is a privilege and not a right and allowing an unsafe 
driver to continuing driving puts the patient, their passengers, and other road users at 
increased risk of being injured or killed on the road. 
9.4.2.2 Driving Cessation 
When a person must immediately cease driving, common sense actions are required. Family 
or supporters may need to take responsibility for access to car keys, or even disabling or 
removing a vehicle in some situations. When assessment of driving is delayed, driving may 
need to cease in the interim. Informal management of driving cessation is preferred but the 
threshold for deciding when to repeat assessment must be low since the progress of cognitive 
deterioration can be quick. Decline in cognitive function and reports of increased problems 
with driving from significant others should prompt further assessment of driving ability. 
9.4.2.3 Suggested Process for Determining Driver Safety for Older Drivers 
A flowchart has been constructed that proposes a pathway for medical practitioners to 
navigate when making decisions on (i) older patients presenting for licence renewal or (ii) 
patients for whom possible or definite cognitive impairment has been raised by the patient or 
a family member or observed by the practitioner (Figure 9-1). The flowchart addresses only 
the impact of MCI and Alzheimer’s dementia. Medical practitioners must also consider the 
affects of medical conditions including other neurological disorders, psychiatric disorders, 
musculoskeletal disorders, and medications when making decisions regarding licence 
renewal. 
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The flowchart makes useful of the Montreal Cognitive Assessment (MoCA) for initial 
screening of cognitive processes, with further more detailed examinations to be undertaken to 
make a diagnosis of MCI or Alzheimer’s dementia. It is recommended that drivers with 
moderate or severe dementia cease driving. For those with MCI or mild dementia there are 
two options to choose from. If medical driving assessments are available in the region where 
the practitioner is based then the patient should be referred for an assessment (in the context 
of New Zealand, this should be a medical driving assessment and not the On-Road Safety 
Test).  
If medical driving assessments are not available, or if the referral is rejected, or if the patient 
cannot afford to pay for a private assessment, then the model developed in the Dementia and 
Driving study to determine the patient’s risk of failing an on-road assessment should be used. 
Medical practitioners or their practice nurses would need to be adequately trained in 
administration and scoring of these tests by an appropriately qualified person (i.e., 
psychologist or psychiatrist). The binary logistic regression equation can be performed by 
hand following collection of the scores for the three measures (heart disease is rated as a 
binary 1 if present and 0 if absent). The cut-point with the optimal balance of sensitivity and 
specificity in the classification model should be used. If a patient scores 0.53 or higher then 
they are predicted to Fail the on-road assessment. If the score is less than 0.53 then they are 
predicted to Pass. Using this cut-point, a Fail rating should be accurate 60% of the time (40% 
of the time the patient would be expected to Pass an on-road assessment), and a Pass rating 
will be accurate 77.3% of the time (23% of the time the patient would be expected to Fail the 
on-road assessment). 
If the patient is predicted to Pass, then the practitioner can renew their licence but must 
monitor the patient at regular intervals for signs of cognitive deterioration. The two-yearly 
compulsory renewals for drivers aged 80 and over if not frequent enough to assess the impact 
of dementia on driving. If the patient receives a predicted Fail score then the practitioner is 
advised to recommend driving cessation to their patient and to inform the New Zealand 
Transport Agency of this decision. 
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Figure 9-1.  Decision pathway for medical practitioners for older patients presenting for licence renewal 
and for those with possible or of definite Alzheimer’s dementia or MCI 
Older patient presents for licence 
renewal OR Possible cognitive 
impairment reported or observed1 
Cognition is screened using the 
Montreal Cognitive Assessment 
(MoCA)2 
Possible impairment. Appropriate 
investigation performed to determine a 
diagnosis and severity3 
MCI or 
Alzheimer’s 
diagnosis? 
 
Severity? 
 
Renew licence 
 
Renew licence 
Recommend driving cessation 
with notification made to New 
Zealand Transport Agency 
Off-road prediction model4 
• ADAS-Cog 
• Category Fluency 
• Presence of heart disease 
Refer for medical driving 
assessment5 
 
MoCA ≥26? 
 
MCI or Mild Alzheimer’s Moderate or severe Alzheimer’s 
No 
Yes 
No 
Yes 
Renew licence and monitor 
closely6 for deterioration 
Medical 
driving 
assessment 
available? 
Yes No 
Predicted 
Fail? 
Yes No 
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1The flowchart addresses only the impact of MCI and Alzheimer’s dementia. Medical practitioners must also 
consider the affects of medical conditions including other neurological disorders and medications when making 
decisions regarding licence renewal.  
2Test forms and administration instructions for the MoCA are available from the MoCA website 
http://www.mocatest.org/  
3Diagnosis of Alzheimer’s dementia can be made using DSM-IV-TR criteria (American Psychiatric 
Association, 2000) or NINCDS-ADRDA criteria (McKhann et al., 1984). Both criteria sets require the presence 
of impairment in two cognitive domains which must include memory, decrements in activities of daily living, 
and no other primary reason for the cognitive impairment. MCI criteria are available from Petersen (2004) and 
must include one or more cognitive impairments, which do not have to include memory, and no significant 
impairment in activities of daily living.  
4The binary logistic regression equation can be performed by hand following collection of the scores for the 
three measures (heart disease is rated as a binary 1 if present and 0 if absent). The cut-point with the optimal 
balance of sensitivity and specificity in the classification model should be used. If a patient scores 0.53 or higher 
then they are predicted to Fail the on-road assessment. If the score is less than 0.53 then they are predicted to 
Pass. Using this cut-point, a Fail rating should be accurate 60% of the time (40% of the time the patient would 
be expected to Pass an on-road assessment), and a Pass rating will be accurate 77.3% of the time (23% of the 
time the patient would be expected to Fail the on-road assessment.  
5The On-Road Safety Test is not appropriate for a person with MCI or Alzheimer’s dementia. 
6Some researchers suggest that on-road assessment for people with dementia be performed every six months 
(Fox et al., 1997; Dubinsky et al., 2000; Duchek et al., 2003; Adler et al., 2005; Frittelli et al., 2009). The 
compulsory licence renewal intervals of 2 years once a person is 80 years of age are too infrequent to assess the 
possible impact of Alzheimer’s or MCI on driving. Medical practitioners should actively seek information about 
driving at least every six months. Information from family members is a better measure of driving ability than 
information from the patient themselves (Iverson et al., 2010). 
9.5 Recommendations for Driving Specialist Occupational Therapists 
Based on the findings of the Dementia and Driving study, a number of recommendations are 
made for occupational therapists in New Zealand. Firstly, if on-road assessments are 
available it is recommended that assessors perform only an on-road assessment with no 
formalized off-road testing component. This will reduce the unnecessary stress of an off-road 
testing appointment. On-road assessment can start either from the testing centre or the 
patient’s home. 
If on-road assessment is not possible then off-road assessment will need to be performed.  
SMCTests should not be used as an off-road assessment for drivers with MCI and 
Alzheimer’s dementia. Instead the model using the ADAS-Cog Total score, Category 
Fluency tests and the binary instance of heart disease should be used. Assessors will need to 
be adequately trained in administration and scoring of these tests by an appropriately 
qualified person (i.e., a psychologist or psychiatrist). Driving assessors should follow the 
same instructions for scoring as detailed for medical practitioners in Section 9.4.2.3.   
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Assessors may wish to reject referrals for people with moderate and severe dementia and 
instead instruct the referrer to recommend driving cessation. If a referral does not include a 
severity rating then this should be requested from the referrer.  
Assessors should keep in mind that several research groups recommend 6-monthly 
assessments for drivers with dementia. 
9.6 Future Directions 
In terms of the field of driving research as a whole, the Healthy Older Drivers and Dementia 
and Driving studies have reinforced the importance of estimating predictive accuracy of 
classification models to determine the potential generalizability of the models as well as to 
provide better estimates of accuracy statistics which is not possible when models are not 
tested beyond classification. It is also important to recognise the problems associated with 
overfitting classification models, as estimating their predictive accuracy will likely result in 
large drops in accuracy statistics which belie the potential usefulness of the model had 
appropriate numbers of variables been offered for the sample size. Babyak (2004) is a useful 
resource for determining methods for reducing the impact of overfitting in regression models. 
In addition to the leave-one-out cross-validation we completed, the classification models 
developed in the Dementia and Driving study should ideally be tested on a new sample of 
participants to confirm their generalizability. In a driving assessment setting, this would 
consist of performing the tests or collecting the health information data during the off-road 
portion of the driving assessment and then conducting an on-road driving assessment with the 
assessors blinded to the results of off-road testing. The off-road testing could be performed in 
around 40-50 min if using the extended assessment model.  
A prospective follow-up of drivers with MCI and Alzheimer’s dementia who Pass an on-road 
assessment could be performed in order to measure the incidence of crashes and traffic 
offences, and the time until licence cessation. If this follow-up spanned several years, data 
relating to the outcomes of repeated driving assessments could provide information about 
changes in driving behaviour over time. 
If the measures from the extended assessment Dementia and Driving models were adopted by 
general practitioners, a survey of the ease of administration and perceived usefulness of the 
screen would be worthwhile. This information could be used to assess the suitability and 
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usability of the predictive model and provide direction for its implementation in additional 
primary health care services. 
Measures not included in the current studies (as discussed in Section 9.3.4) would be useful 
for addition in future studies. These include the UFOV, the MoCA, measures of insight 
(perhaps DriveAware), and sensation seeking (provided appropriate measures could be found 
or developed), and the driving error list developed following the Healthy Older Driver study. 
The most pressing issue for driving research is in the choice of outcome measures that 
indicate safe or unsafe driving. A variety of outcome measures are currently used: on-road 
driving assessment outcome (either pass/fail, pass/fail/conditional pass, or number of errors 
performed during the assessment), driving assessment outcome using a driving simulator 
(same outcome measures as for an on-road assessment), self-reported crashes or offences 
(retrospective or prospective), significant other-reported crashes or offences (retrospective or 
prospective) officially recorded crashes or offences (retrospective or prospective), and 
officially recorded at-fault only crashes (retrospective or prospective).  
The validity of on-road driving assessments for predicting future adverse driving events is a 
major issue for driving researchers. On-road assessments are generally accepted as the ‘gold 
standard’ measure of driving ability and yet most assessments do not have standardized 
scoring systems or a standardized cut-point for determining Pass and Fail outcome (Korner-
Bitensky et al., 2006). As long as the ability of on-road assessments to predict real-world 
driving behaviour is unknown, researchers will continue to build classification models that 
may not generalize outside of their study sample. There is a need for assessments to be tested 
for reliability (intra-rater, inter-rater, and test-retest reliability) and following this, tested for 
predictive validity for detecting those at risk of future adverse driving events, whether the 
outcome measure is Pass or Fail or the number of errors performed or types of errors 
performed during the assessment. This is an endeavour that must be developed in conjunction 
with researchers and the occupational therapists who will ultimately perform the assessments. 
There should also be standardized training programmes for occupational therapists given the 
task of making decisions about driving safety as decisions must be consistent and fair.  
The ability of simulated driving measures to relate to real-world driving behaviour is for the 
most part unknown since most studies do not attempt to validate simulated driving outcomes 
against real-world driving outcomes. This, coupled with the expense of simulated driving 
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systems, makes the widespread use of simulators in driving assessors centres unlikely, at 
least at present, and potentially limits the application of research findings into real-world 
service scenarios. 
Self- and significant-other reported crashes and offences are subject to forgetting, lying, bias, 
or even malicious motives. Officially-reported crashes and offences are rare in comparison to 
self-report as they only sample a small amount of behaviour that can only hint at a person 
possibly being a less safe driver. Official crash data is biased to more serious crashes and, at 
least in New Zealand, to crashes where injury or death were involved only. The low base-rate 
of these kinds of crashes require for large samples of participants to be recruited and, as 
shown in the Healthy Driver Follow-up study, the differences in crash rates between drivers 
judged to have passed or failed an on-road assessment are not necessarily very different. By 
limiting crash data to at-fault crashes only further reduces the base-rate of crashes that can 
included in studies. 
Underlying all measures that seek to define on-road safety is the necessity for these measures 
to be related to the real-world negative outcomes that we are seeking to reduce. An outcome 
measure that does not predict prospective real-world negative driving outcomes is not useful. 
The difference in real-world on-road outcomes between drivers rated as ‘safe’ and ‘unsafe’ 
also has to be substantial in order to avoid unnecessary licence cessation and the negative 
outcomes that proceed from this. If effect sizes between groups are small, we can argue that 
the clinical significance of findings is negligible, no matter what the p value. Establishing 
truly useful outcome measures for driving assessment is not an easy task, but may be the 
most important consideration for the field of driving research. 
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Abstract 
This study compared the ability of binary logistic regression (BLR) and non-linear causal resource analysis 
(NCRA) to utilize a range of cognitive, sensory–motor, personality and demographic measures to predict driving 
ability in a sample of cognitively healthy older drivers. 
Participants were sixty drivers aged 70 and above (mean = 76.7 years, 50% men) with no diagnosed neurological 
disorder. Test data was used to build classification models for a Pass or Fail score on an on-road driving 
assessment. The generalizability of the models was estimated using leave-one-out cross-validation. 
Sixteen participants (27%) received an on-road Fail score. Area under the ROC curve values were .76 for BLR 
and .88 for NCRA (no significant difference, z = 1.488, p = .137). The ROC curve was used to select three 
different cut-points for each model and to compare classification. At the cut-point corresponding to the maximum 
average of sensitivity and specificity, the BLR model had a sensitivity of 68.8% and specificity of 75.0% while 
NCRA had a sensitivity of 75.0% and specificity of 95.5%. However, leave-one-out cross-validation reduced 
sensitivity in both models and particularly reduced specificity for NCRA. 
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11.6 Appendix F – The 14-Item Driving Anger Scale 
 
 
Driving experiences scale 
Date:………………… 
 
Instructions:  Imagine that each situation described below was actually happening to you and 
rate the amount of anger that would be provoked. 
 
     none at all        a little           some           much         very much 
1    2    3    4     5 
 
 
 
1. Someone is weaving in and out of traffic.  
2. A slow vehicle on a mountain road will not pull over and let people by.  
3. Someone backs right out in front of you without looking.  
4. Someone runs a red light or stop sign.  
5. You pass a radar speed trap.  
6. Someone speeds up when your try to pass him/her.  
7. Someone is slow in parking and is holding up traffic.  
8. You are stuck in a traffic jam.  
9. Someone makes an obscene gesture toward you about your driving.  
10. Someone honks at you about your driving.  
11. A bicyclist is riding in the middle of the lane and is slowing traffic.  
12. A police officer pulls you over.  
13. A truck kicks up sand or gravel on the car you are driving.  
14. You are driving behind a large truck and you cannot see around it.  
 
 
 
Please check: Did you write a number at the end of each statement? 
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11.7 Appendix G – Driving Behaviour Questionnaire 
 
Driver Behaviour Questionnaire (DBQ) 
 
Instructions: Following is a list of common mistakes and violations that people make when 
driving. For each statement you are asked to indicate how often, if at all, these things have 
happened to you say over the last year. You are to answer each statement with one of six 
responses: never, hardly ever, occasionally, quite often, frequently, nearly all the time. Your 
answers do not have to be precise, merely your best estimate and you are not obliged to 
answer all of the questions if you would prefer not to. 
 
0 = Never, 1 = Hardly ever, 2 = Occasionally, 3 = Quite often, 4 = Frequently,  
5 = Nearly all the time 
 
Realize you have no recollection of the road along which you have just been traveling 
 0 –1 – 2 – 3 – 4 - 5 
 
 Brake too quickly on a slippery road, or steer the wrong way into a skid 
 0 –1 – 2 – 3 – 4 - 5 
 
 Become impatient with a slow driver and pass them when a solid yellow line means you are 
in a no passing lane 
 0 –1 – 2 – 3 – 4 - 5 
 
 Switch on one thing, such as the headlights, when you meant to switch on something else, 
such as the wipers 
 0 –1 – 2 – 3 – 4 - 5 
 
 Do not notice for a few moments that the traffic light has turned green 
 0 –1 – 2 – 3 – 4 - 5 
 
 Drive especially close to the car in front as a signal to its driver to go faster or get out of the 
way 
 0 –1 – 2 – 3 – 4 - 5 
 
 Intending to drive to destination A, you suddenly notice that you are on the road to 
destination B, perhaps because B is your more usual destination 
 0 –1 – 2 – 3 – 4 - 5 
 
 Attempt to overtake someone you had not noticed to be signaling a right turn 
 0 –1 – 2 – 3 – 4 - 5 
 
 Cross an intersection knowing the traffic lights have already turned against you 
 0 –1 – 2 – 3 – 4 - 5 
 
 Have an aversion to a particular class of road user, and indicate your hostility by whatever 
means you can 
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 0 –1 – 2 – 3 – 4 - 5 
 
Miss give way signs and narrowly avoid colliding with traffic having right of way 
 0 –1 – 2 – 3 – 4 - 5 
 
 Forget where you left your car in a car park 
 0 –1 – 2 – 3 – 4 - 5 
 
 
 Underestimate the speed of an oncoming vehicle when overtaking 
 0 –1 – 2 – 3 – 4 - 5 
 
 Queuing to turn left onto main road, you pay such close attention to the main stream of 
traffic that you nearly hit the car in front 
 0 –1 – 2 – 3 – 4 - 5 
 
 Fail to check rearview mirror before pulling out, changing lanes, etc. 
 0 –1 – 2 – 3 – 4 - 5 
 
 Drive even though you realize that you may be over the legal blood-alcohol limit 
 0 –1 – 2 – 3 – 4 - 5 
 
 Get into the wrong lane approaching a roundabout or intersection 
 0 –1 – 2 – 3 – 4 - 5 
 
 On turning left, nearly hit a cyclist who has come up on your inside 
 0 –1 – 2 – 3 – 4 - 5 
 
 Fail to notice pedestrians crossing when turning into a side road 
 0 –1 – 2 – 3 – 4 - 5 
 
 Angered by another driver’s behaviour, you give chase with the intention of giving him or 
her a piece of your mind 
 0 –1 – 2 – 3 – 4 - 5 
 
 Hit something when reversing that you had not previously seen 
 0 –1 – 2 – 3 – 4 - 5 
 
 Get involved in unofficial ‘races’ with other drivers 
 0 –1 – 2 – 3 – 4 - 5 
 
 Misread signs and take the wrong turning off a roundabout 
 0 –1 – 2 – 3 – 4 - 5 
 
Disregard the speed limits late at night or early on the morning 
 0 –1 – 2 – 3 – 4 - 5 
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11.8 Appendix H – Driving Habits Questionnaire Used for the Healthy Driver 
Follow-up Study 
 
Modified Driving Habits Questionnaire (DHQ) 
 
Dead 
Month/year: 
Cause: 
 
Current Driving 
1. Do you currently drive? 
1 = yes (go to  #A)  0 = no (go to  #2, #3, #A only) 
 
2. Why did you stop driving? 
 
 
 
 
 
 
3. When is the last time you drove? ____________________ (month/year) 
(If within 1 year, go to question #25) 
 
A. What forms of transport are you currently using? 
  Drive in own car 
  Driven as passenger by friend/family member 
  Taxi 
  Motor scooter / motorcycle 
  Bicycle 
  Bus 
 Walking 
 Other____________________________________________________ 
 
B. In your opinion are you now driving the same amount, more, or less than one year ago? 
  Same 
  More 
  Less 
 
C. Have you taken any driving lessons in the last year? 
  Yes 
  No 
 
D. Has your GP asked you about your driving in the last year? 
  Yes 
  No 
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E. Have you been diagnosed with or treated for any of the following conditions over the past 
12 months? 
 
Medical Condition Meds Bothered 
by  
  
  Not at all A little A great deal 
Heart disease Y / N    
Cancer Y / N    
Stroke Y / N    
Parkinson's Y / N    
Dementia Y / N    
High blood pressure Y / N    
High cholesterol Y / N    
Thyroid problems Y / N    
Sleep apnoea Y / N    
Diabetes Y / N    
Multiple sclerosis Y / N    
Broken bones Y / N    
Arthiritis Y / N    
Depression Y / N    
Anxiety Y / N    
Osteoporosis Y / N    
Surgery Y / N    
Fall Y / N    
Head injury Y / N    
Eye Conditions:     
Cataracts Y / N    
Macular degeneration Y / N    
Diabetic retinopathy Y / N    
Glaucoma Y / N    
Retinal detachment Y / N    
 
4. Do you wear glasses or contact lenses when you drive? 
1 = yes  0 = no 
 
5. Do you wear a seatbelt when you drive?  
1 = always 2 = sometimes  3 = never 
 
6. Which way do you prefer to get around? 
3 = drive yourself 2 = have someone drive you 1 = use public transportation or a taxi 
 
7. How fast do you usually drive compared to the general flow of traffic? Would you say: 
5 = Much faster  4 = Somewhat faster  3 = About the same 2 = Somewhat slower 
1 = Much slower 
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8. Has anyone suggested over the past year that you limit your driving or stop driving? 
1 = yes  0 = no 
9. How would you rate the quality of your driving? Would you say: 
5 = Excellent   4 = Good   3 = Average   2 = Fair   1 = Poor 
 
10. If you had to go somewhere and didn't want to drive yourself would you: 
 1 = Ask a friend or relative to drive you  2 = Call a taxi or take the bus 
 3 = Drive yourself regardless of how you feel  4 = Cancel or postpone your plans  
 5 = Other: 
 
 
 
 
 
Avoidance 
 
Now I’m going to ask some more specific questions about your driving habits. 
17a) During the past 3 months, have you driven when it is raining? 
 
_________Yes (go to 17b) __________No (go to 17c) 
 
17b) Would you say that you drive when it is raining with:  
5 = No difficulty at all   4 = A little difficulty  3 = Moderate difficulty  2 = Extreme difficulty 
 
17c) Do you deliberately avoid driving in the rain? 
 
1________Yes _________No 
 
 
 
18a) During the past 3 months, have you driven alone? 
 
_________Yes (go to 18b) __________No (go to 18c) 
 
18b) Would you say that you drive alone with: (Please check only one answer) 
5 = No difficulty at all   4 = A little difficulty  3 = Moderate difficulty  2 = Extreme difficulty 
 
18c) Do you deliberately avoid driving alone? 
 
1________Yes _________No 
 
 
19a) During the past 3 months, have you parallel parked? 
 
_________Yes (go to 19b) __________No (go to 19c) 
 
19b) Would you say that you parallel park with: (Please check only one answer) 
5 = No difficulty at all   4 = A little difficulty  3 = Moderate difficulty  2 = Extreme difficulty 
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19c) Do you deliberately avoid parallel parking? 
 
1________Yes _________No 
 
 
20a) During the past 3 months, have you made right-hand turns across oncoming traffic? 
 
_________Yes (go to 20b) __________No (go to 20c) 
 
20b) Would you say that you make right- handed turns in traffic with:   
(Please check only one answer) across oncoming traffic? 
5 = No difficulty at all   4 = A little difficulty  3 = Moderate difficulty  2 = Extreme difficulty 
 
20c) Do you deliberately avoid making right-hand turns? 
 
1________Yes _________No 
 
 
21a) During the past 3 months, have you driven on motorways or highways? 
 
_________Yes (go to 21b) __________No (go to 21c) 
 
21b) Would you say that you drive on motorways or highways with: (Please check only one answer) 
5 = No difficulty at all   4 = A little difficulty  3 = Moderate difficulty  2 = Extreme difficulty 
 
21c) Do you deliberately avoid driving on motorways or highways? 
 
1________Yes _________No 
 
 
 
22a) During the past 3 months, have you driven on high-traffic roads? 
 
_________Yes (go to 22b) __________No (go to 22c) 
 
22b) Would you say that you drive on  
high-traffic roads with: (Please check only one answer) 
5 = No difficulty at all   4 = A little difficulty  3 = Moderate difficulty  2 = Extreme difficulty 
 
22c) Do you deliberately avoid driving on high traffic roads? 
 
1________Yes _________No 
 
 
 
23a) During the past 3 months, have you driven in rush-hour traffic? 
 
_________Yes (go to 23b) __________No (go to 23c) 
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23b) Would you say that you drive  
in rush hour traffic with: (Please check only one answer) 
5 = No difficulty at all   4 = A little difficulty  3 = Moderate difficulty  2 = Extreme difficulty 
 
23c) Do you deliberately avoid driving in rush-hour traffic? 
 
1________Yes _________No 
 
24a) During the past 3 months, have you driven at night? 
 
_________Yes (go to 24b) __________No (go to 24c) 
 
24b) Would you say that you drive at night with: (Please check only one answer) 
5 = No difficulty at all   4 = A little difficulty  3 = Moderate difficulty  2 = Extreme difficulty 
 
24c) Do you deliberately avoid driving at night? 
 
1________Yes _________No 
 
 
 
Crashes and Citations 
 
25. How many accidents have you been involved in over the past 12 months when you were the 
driver? Please tell me the number of all accidents, whether or not you were at fault. 
 
____ accidents 
 
26. How many accidents have you been involved in over the past 12 months when you were the driver 
where the police were called to the scene? 
 
____accidents 
 
27. How many times in the past 12 months have you been pulled over by the police, regardless of 
whether you received a ticket? 
 
____times  
 
28. How many times in the past 12 months have you received a traffic ticket (other than a parking 
ticket) , regardless of whether or not you think you were at fault? 
 
____times  
 
Driving Space 
29. During the past year, have you driven in your immediate neighbourhood? 
1 = yes  0 = no 
 
30. During the past year, have you driven to places beyond your neighbourhood? 
1 = yes  0 = no 
 
31. During the past year, have you driven to neighbouring towns? 
1 = yes  0 = no 
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32. During the past year, have you driven to more distant towns? 
1 = yes  0 = no 
 
33. During the past year, have you driven to places outside of the South island? 
1 = yes  0 = no 
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11.9 Appendix I –  Road Code Questions Used in the Dementia and Driving 
Study 
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11.10 Appendix J – Driving Scale Used During On-Road Assessments 
 
Table 9-1.  The driving scale used during to assign scores following driving assessment in the Healthy 
Older Drivers and Dementia and Driving studies 
Driving 
Score 
Outcome Label 
0 Fail No ability 
1 Fail Basic skills only 
2 Fail Extremely inferior 
3 Fail Very poor 
4 Fail Poor 
5 Fail Borderline 
6 Pass Fair 
7 Pass Satisfactory 
8 Pass Good 
9 Pass Very good 
10 Pass Flawless 
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11.11 Appendix K – Form Used for Listing of Driving Errors Completed for 
Participants in the Dementia and Driving Study 
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11.12 Appendix L – Information Sheet for the Healthy Older Drivers Study 
 
       
 
 
RESEARCH STUDY INFORMATION 
 
‘Computerized driving tests for predicting driving in 
healthy older adults’ 
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Computerized driving tests for predicting driving in healthy older adults 
 
     What is this research study about? 
 
You are invited to take part in helping us with our research. This is an information sheet 
about a study which aims to assess the accuracy and predictive value of our off-road 
driving assessment system. The study will determine how well off-road tests can predict 
on-road driving ability. We are currently looking for a group of healthy older adults 
whom we can assess in order to determine the normal range of performance expected for 
an older age group. The off-road tests will assess your ability to sustain attention on a 
task, plan a sequence of events, follow a target, and measure your reaction times. It is also 
hoped that the tests will help identify specific problems underlying an inability to drive 
safely for individual people. This is especially important now that GPs are responsible for 
predicting whether older adults are safe to drive. We want to develop a system that is fair 
and less stressful for older drivers who may be referred for a driving assessment, and that 
gives the same results that we would get from an on-road test. 
 
The study will take part in two sessions. The first session will be around 2 - 2 ½ hours 
long and will take place at the Van der Veer Institute for Parkinson’s and Brain Research 
located at 66 Stewart St close to Christchurch Hospital.  This session will include a brief 
interview (5-10 minutes), some standard tests of mood, memory and reading 
(approximately 60 minutes), and then an assessment using a computerized driving system 
called the Canterbury Driving Assessment Tool (CanDAT) (approximately 60 minutes). 
The CanDAT has a steering wheel, indicators, and pedals. You do not need to know how 
to use a computer to undertake the assessment. You will need to look at some images on a 
computer screen and to read a vision chart as a distance of 3 meters – so remember to 
bring any glasses that you will need with you. 
 
The second session will be around 1 hour and will comprise an on-road driving 
assessment. The on-road driving assessment will commence at Burwood Hospital and 
will be undertaken by an occupational therapist and a driving instructor. You may use 
your own car for this assessment, as long as it has room in the back seat for the 
occupational therapist to sit. The assessment will commence in quiet streets and then 
move through a number of different driving situations which will include single-lane 
roundabouts, dual-lane roundabouts, dual-lane roads, controlled intersections (give-way, 
stop sign, and traffic light controlled) uncontrolled intersections, and changes in speed 
zone. 
We will try to schedule the two sessions of testing with you as close together as we can. 
At the completion of the two assessments you will be reimbursed to the value of $50 (by 
posted cheque) to cover any petrol/vehicle expenses for your visits to the Van der Veer 
Institute and Burwood Hospital. 
 
Participation in this study will not affect the status of your driving license. The 
occupational therapist will discuss the results of the on-road assessment with you and if 
she believes it is necessary, will recommend that you attend some driving lessons to focus 
  281 
on areas where your driving may need improvement. The occupational therapist will only 
make such suggestions if she believes there are aspects of your driving that could be 
addressed to make your driving safer. Your GP will not be informed of your 
performance in the driving assessment. 
In the unlikely event that some of your scores indicate the possibility of health issues such as 
depression, anxiety, or severe cognitive problems, information may, with your prior consent, 
be passed on to your GP. 
Your participation in this study is entirely voluntary. If you do agree to take part you are free 
to withdraw at any time from the study, without having to give a reason and this will not 
affect any future care or treatment.   
A possible extension to this study is to follow participants over a period of 1 and 2 years to 
answer questions about the previous year’s driving (such as continued driving or accident 
occurrence) either over the phone or via a postal questionnaire.  The commencement of this 
study will be subject to ethical approval through the Upper South Ethics Committee before 
any participant is contacted.  
 
Who is running this research study? 
 
This study has been developed by researchers at the Van der Veer Institute for Parkinson’s 
and Brain Research. The Principle Investigator (Petra Hoggarth) is completing this research 
as part of the requirements for a Master of Arts degree for the Department of Psychology, 
University of Canterbury. The study has received ethical approval from the Upper South A 
Regional Ethics Committee.  We aim to recruit 60 older drivers in the age groups of 70-74, 
75-79, and 80 years and over (20 participants for each age group).  The study is expected to 
start in June 2007 and testing will continue until around January 2008. 
All records will be kept confidential during and after the study, and you will be identified in 
these records only by an assigned subject code number. The information gathered will only 
be used for the purposes of the study. Only the researchers of this project will have access to 
records associated with the study, which will be kept in safe storage at the Van der Veer 
Institute for up to 10 years. No material which could personally identify you will be used in 
any reports on this study. Although individual results will not be provided, if you wish, a 
summary of our findings will be sent to you on completion of this study. Please note that 
there will be a delay between the completion of data collection and publication of the results. 
The results of this study will help to refine the ability of the computerized tests to predict 
driving ability, and the tests may be commercialised for sale through the Canterbury District 
Health Board.  
 
What do you need to do? 
 
We would greatly value your help. You are welcome to discuss the study with your 
friends/family or the research staff before making a decision on whether to take part. If you 
are interested in taking part, please phone or email the Principle Investigator whose details 
are at the bottom of the next page. If you do agree to participate, please complete the 
questionnaires that are included with this information sheet. Please bring all the completed 
questionnaires with you when you attend the first assessment session. 
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If you have any questions about the study you can contact Petra Hoggarth, either by phone at 
the Van der Veer Institute (Ph 378 6095 – please leave a message if I am not in) or by email 
(petra.hoggarth@vanderveer.org.nz).  Thank you for considering this request. 
Yours sincerely, 
 
 
  
Petra Hoggarth BA(Hons) Richard Jones PhD 
Master of Arts and Clinical Psychology student Research Associate Professor 
 
Van der Veer Institute for  
Parkinson’s & Brain Research 
66 Stewart Street  Phone: 03 378 6095 
Christchurch  Email: petra.hoggarth@vanderveer.org.nz 
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11.13 Appendix M – Consent Form for the Healthy Older Drivers Study 
 
        
 
Consent Form 
 
‘Computerized driving tests for predicting driving in healthy older adults’ 
 
I have read and understood the information sheet dated 19/06/2007 for volunteers taking part 
in the study designed to improve the prediction of driving ability in healthy older drivers. I 
have had the opportunity to discuss this study. I am satisfied with the answers I have been 
given. 
I have had the opportunity to use whanau support or a friend to help me ask questions and 
understand the study. 
I understand that taking part in this study is voluntary (my choice) and that I may withdraw 
from the study at any time and this will in no way affect my future healthcare. 
I understand that my participation in this study is confidential and that no material which 
could identify me will be used in any reports on this study.  
I have had time to consider whether to take part. 
I know whom to contact if I have any questions about the study. 
I consent to being contacted in the future and completing a questionnaire.    YES / NO 
I wish to receive a copy of the results of this study                                         YES / NO 
I give consent for information of serious health issues that may arise  
during testing (such as the possible existence of depression, anxiety, or  
severe cognitive problems) to be passed on to my GP                                    YES / NO 
 
I   hereby consent to take part in this 
study. 
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 (print full name) 
 
Date:  
Signature:  
 
Researchers: Petra Hoggarth BA(Hons), Carrie Innes PhD, Richard Jones PhD, John Dalrymple-
Alford PhD, and Julie Severinsen BHSc(OT) 
Phone: 378 6095 
Project explained by: Petra Hoggarth 
Project role: Principle Investigator 
Signature:  
Date:  
 
Ethnicity 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ko tēhea momo tāngata e whai 
pānga atu ana koe?  Tohua te 
katoa o raro nei e hāngai ana ki a 
koe. 
 
 Pākehā 
 Māori 
 Hāmoa 
 Māori Kuki Airani 
 Tonga 
 Niue 
 Hainamana 
 Īnia 
 tētahi atu (pērā i 
TATIMANA, HAPANĪHI, 
TOKELAU). Tuhia mai: 
  
 
 
 
Which ethnic group do you belong 
to? 
Mark the space or spaces which 
apply to you. 
 
 NZ European 
 Māori 
 Samoan 
 Cook Island Maori 
 Tongan 
 Niuean 
 Chinese 
 Indian 
 other (such as DUTCH, 
JAPANESE, TOKELAUAN).  
Please state: 
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11.14 Appendix N – Shapiro-Wilk W Test Scores for Independent Variables in 
the Healthy Older Drivers Study 
Shapiro-Wilk W test scores are presented for demographic measures, cognitive measures, and 
SMCTests measures in Table 9-2 and Table 9-3. 
Table 9-2.  Shapiro-Wilk W test score for demographic and cognitive measures for the Healthy Older 
Drivers study 
 
Test Measure  W Statistic 
p-value 
(*p<.05) 
Gender 0.637  .000* 
Age (years) 0.936  .004* 
Age Grouping (70-74, 75-79, 80+) 0.793  .000* 
Handedness (left, right) 0.271  .000* 
Years of education 0.960  .047* 
Occupation code 0.822  .000* 
Years of driving 0.967  .099 
Kms driven last 12 months 0.394   .000* 
Vision   
 
 Left eye 0.506  .000* 
 Right eye 0.761  .000* 
 Binocular 0.825  .000* 
Road sign test (no correct) 0.751  .000* 
Mini-Mental State Exam 0.870  .000* 
Geriatric Depression Scale 0.864  .000* 
Beck Anxiety Inventory 0.842  .000* 
Driving Anger Scale time 1 0.979  .370 
Driving Anger Scale time 2 0.959  .040* 
Big Five Inventory    
 Extraversion 0.992  .970 
 Agreeableness 0.973  .198 
 Conscientiousness 0.962  .057 
 Neuroticism 0.967  .109 
 Openness to experience 0.985  .668 
Trail Making Test A (s) 0.923  .001* 
Trail Making Test B (s) 0.818  .000* 
Wechsler Test of Adult Reading 0.934  .003* 
Dementia Rating Scale -2 AEMSS1 0.979   .399 
1Age and education adjusted mean scale score 
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Table 9-3.  Shapiro-Wilk W test score for SMCTests measures for the Healthy Older Drivers study –  
  
 Test Measure W Statistic 
p-value 
(*p<.05) 
Footbrake and Clutch Test     
 Mean reaction time (ms) 0.911  .000* 
 Mean movement time (ms) 0.951  .017* 
  Total reaction and movement times (ms) 0.941   .006* 
Ballistic Movement Test   
  
 Reaction time, right hand (ms) 0.827  .000* 
 Reaction time, left hand (ms) 0.861  .000* 
 Reaction time, grand mean (ms) 0.957  .034* 
 Movement time, right hand (ms) 0.779  .000* 
 Movement time, left hand (ms) 0.901  .000* 
 Movement time, grand mean (ms) 0.899  .000* 
 Total reaction and movement times, right hand (ms) 0.816  .000* 
 Total reaction and movement times, left hand (ms) 0.925  .001* 
 Total reaction and movement times, grand mean (ms) 0.938  .004* 
 Peak velocity, right hand (ms) 0.975  .255 
 Peak velocity, left hand (ms) 0.981  .484 
  Peak velocity, grand mean (ms) 0.981   .456 
Tracking Tests     
 Sine tracking run 1 error (mm) 0.891  .000* 
 Sine tracking run 2 error (mm) 0.745  .000* 
 Random tracking run 1 error (mm) 0.829  .000* 
  Random tracking run 2 error (mm) 0.881   .000* 
Arrows Perception Test   
  
  Number of arrows correct 0.614   .000* 
Divided Attention Test   
  
 Tracking error (mm) 0.854  .000* 
 Number of arrows correct 0.693  .000* 
  Omission of arrows response 0.110   .000* 
Visual Search Test     
 Mean reaction time (ms) 0.987  .779 
  Number correct 0.969   .131 
Continued on following page 
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Continued from previous page 
  
 Test Measure W Statistic 
p-value 
(*p<.05) 
Complex Attention test     
 Reaction time (ms) 0.943  .007* 
 Movement time (ms) 0.947  .011* 
 Total mean movement and reaction times (ms) 0.972  .190 
 Reaction time standard deviation (ms) 0.832  .000* 
 Movement time standard deviation (ms) 0.542  .000* 
 Number of lapses errors 0.227  .000* 
  Number of invalid trials 0.362   .000* 
Planning Test     
 Lateral road position error (mm) 0.975  .247 
 Duration of positional faults (s) 0.917  .001* 
 Distance travelled (m) 0.772  .000* 
 Intersection safety margin (mm) 0.971  .166 
 Number of hazards hit 0.926  .001* 
  Number of crashes 0.811   .000* 
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11.15 Appendix O – Measures Excluded from Offering to the Healthy Older 
Drivers BLR Model  
 
Table 9-4.  Measures that were excluded on pragmatic grounds and reasons for exclusion for the Healthy 
Older Drivers study  
Measures not offered to BLR model Reason for not offering 
Occupation code Would not be used to predict in public health setting 
Years of driving Would not be used to predict in public health setting 
Years of education Would not be used to predict in public health setting 
Km driven last 12 months Would not be used to predict in public health setting 
Handedness Would not be used to predict in public health setting 
Driving Anger Scale time 1 and 2 Explorative only, and would not be used to predict in public health setting 
Big Five Inventory - Extraversion Explorative only, and would not be used to predict in public health setting 
Big Five Inventory - Agreeableness Explorative only, and would not be used to predict in public health setting 
Big Five Inventory - Conscientiousness Explorative only, and would not be used to predict in public health setting 
Big Five Inventory - Neuroticism Explorative only, and would not be used to predict in public health setting 
Big Five Inventory - Openness to experience Explorative only, and would not be used to predict in public health setting 
Vision – left eye Binocular vision measure used instead 
Vision – right eye Binocular vision measure used instead 
Footbrake and Clutch, Mean movement time Effect in the opposite from expected direction (Fails moved faster) 
Ballistic Movement, Reaction time, right hand 
Grand mean measure used instead of individual hand 
scores, also effect in opposite from expected direction 
(Fails had a faster reaction time) 
Ballistic Movement, Reaction time, left hand Grand mean measure used instead of individual hand scores 
Ballistic Movement, Movement time, right hand Grand mean measure used instead of individual hand scores 
Ballistic Movement, Movement time, left hand Grand mean measure used instead of individual hand scores 
Ballistic Movement, Total time, right hand 
Grand mean measure used instead of individual hand 
scores, also effect in opposite from expected direction 
(Fails had a faster total time) 
Ballistic Movement, Total time, left hand Grand mean measure used instead of individual hand scores 
Ballistic Movement, Peak velocity, right hand Grand mean measure used instead of individual hand scores 
Ballistic Movement, Peak velocity, left hand Grand mean measure used instead of individual hand scores 
Complex Attention, Number of invalid trials Effect in the opposite from expected direction (Fails had few invalid trials) 
Complex Attention, Movement time standard 
deviation 
Effect in the opposite from expected direction (Fails had a 
lower standard deviation) 
Divided Attention, Omission of arrows response Effect in the opposite from expected direction (Fails 
omitted fewer responses) 
Arrows perception, Non-response Too little variation in the data to make it a sensitive predictor 
Planning, Duration of positional faults Effect in the opposite from expected direction (Fails 
maintained positional faults for less time) 
Planning, Number of hazards hit Effect in the opposite from expected direction (Fails ran into fewer hazards) 
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11.16 Appendix P – Information Sheet for the Dementia and Driving Study 
 
       
 
 
RESEARCH STUDY INFORMATION 
 
‘Factors associated with driving in people with memory 
problems’ 
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Factors associated with driving in people with memory problems 
 
What is this research study about? 
 
You are invited to take part in helping us with our research. This is an information sheet 
about a study which aims to determine how well tests performed off-road can predict on-road 
driving ability. We are currently looking for a group of adults who have been referred to 
Burwood Hospital for a driving assessment due to concerns about memory problems.  
There are two ways to be involved in this study (Study A and Study B). They are discussed 
separately below. 
 
Study A 
Involvement in Study A will involve taking part in one or two sessions of testing in addition 
to the standard driving assessment. The tests will assess your memory, ability to plan and 
perform tasks, and other areas of brain functioning. It is also hoped that the tests will help 
identify specific problems underlying driving ability. This is especially important because our 
current methods for assessing driving for people with memory problems are not very 
accurate. We want to develop a system that is fair and less stressful for drivers who may be 
referred for a driving assessment, and that gives similar results to that we would get from an 
on-road driving assessment. 
 
What does the research study involve? 
 
The study takes part in two sessions or around 2 to 2.5 hours each that happen on separate 
days. Sessions can take place either in your own home or at the Van der Veer Institute for 
Parkinson’s and Brain Research.  The sessions will include a brief interview, as well as tests 
for various brain functions. The tests will all involve sitting at a table and answering 
questions, performing activities with a pencil and paper, or using objects such as blocks.   
At the completion of the testing session you will be reimbursed with a $30 petrol voucher to 
pay for any travel expenses or for your time associated with attending the session.  
For the remainder of the study you need to attend your driving assessment session at 
Burwood Hospital as normal. It is important that the extra testing session happens before 
your driving assessment at Burwood Hospital. 
Your participation in this study is entirely voluntary. If you do agree to take part you are free 
to withdraw at any time from the study, without having to give a reason and this will not 
affect any future care or treatment.  You are more than welcome to bring a support person 
with you to the testing session. 
 
What information do we collect? 
 
We will collect information from you such as your age and other basic details. We will also 
collect information from the tests about how your brain is working. The researcher Petra 
Hoggarth will also need to talk to someone who knows you well, such as a spouse, child, 
friend or neighbour with whom you have regular contact.  This person will be asked some 
questions about how you are functioning in daily life.  This can be done in a telephone 
conversation or in person. 
The researcher Petra Hoggarth would also receive information regarding your driving 
assessment at Burwood Hospital.  
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In order to get a good record of driving behaviour we would like to access information about 
police reported accidents and injuries held by the Ministry of Transport, and information 
regarding traffic violations such as speeding tickets from Land Transport New Zealand for 
the period 1 June 2003 to the 30th September 2010.  This covers a period of around five 
years before your on-road driving assessment.  If you do not want us to access these records 
we will not do so, and instead will use information that you tell us yourself.  
With your permission, data from this study may be used in future related studies, which have 
been given ethical approval from a Health & Disability Ethics Committee. 
 
Study B 
 
Involvement in Study B requires no extra testing other than attending your scheduled driving 
assessment as normal. Study B does not provide as much useful research about driving, but 
participation in Study B will still help us understand the relationship between off- and on-
road driving assessments. By agreeing to be in Study B researchers will have access to the 
results of your off- and on-road driving assessment results from Burwood Hospital. We will 
also have access to other basic information taken at the assessment such as your age and 
results of a brief vision test. You will be asked to sign a consent form when you attend your 
driving assessment if you are willing to take part in Study B. 
 
With your permission, data from this study may be used in future related studies, which have 
been given ethical approval from a Health & Disability Ethics Committee. 
 
 
Who is running this research study? 
 
The study has been developed by researchers at the Van der Veer Institute for Parkinson’s 
and Brain Research. The Primary Researcher (Petra Hoggarth) is completing this research as 
part of the requirements for a PhD degree for the Department of Psychology, University of 
Canterbury. The study has received ethical approval from the Upper South A Regional Ethics 
Committee.  We aim to recruit 60 drivers.  The study is expected to start in July 2008 and 
testing may continue until around September 2010. 
All records will be kept confidential during and after the study, and you will be identified in 
these records only by an assigned subject code number. The information gathered will only 
be used for the purposes of the study. Only the researchers of this project will have access to 
records associated with the study, which will be kept in safe storage at the Van der Veer 
Institute for up to 10 years. No material which could personally identify you will be used in 
any reports on this study. Although individual results will not be provided, if you wish, a 
summary of our findings will be sent to you on completion of this study. Please note that 
there will be a delay between the completion of data collection and publication of the results. 
The results of this study will help to refine the predictive ability of computerized tests used at 
Burwood Hospital for driving assessment, and the tests may be commercialised for sale 
through the Canterbury District Health Board.  
 
Your rights and an ACC statement 
 
If you have questions or concerns about your rights as a participant in this research study you 
can contact an independent health and disability advocate: 
This is a free service provided under the Health and Disability Commissioner Act. 
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Telephone (NZ wide): 0800 555 050 
Free Fax (NZ wide): 0800 2787 7678 (0800 2 SUPPORT) 
Email (NZ wide): advocacy@hdc.org.nz 
 
In the unlikely event of a physical injury as a result of your participation in this study, you 
may be covered by ACC under the Injury, Rehabilitation and Compensation Act.  ACC cover 
is not automatic and your case will need to be assessed by ACC according to the provisions 
of the 2002 Injury Prevention Rehabilitation and Compensation Act.  If your claim is 
accepted by ACC, you still might not get any compensation.  This depends on a number of 
factors such as whether you are an earner or non-earner.  ACC usually provides only partial 
reimbursement of costs and expenses and there may be no lump sum compensation payable.  
There is no cover for mental injury unless it is a result of physical injury.  If you have ACC 
cover, generally this will affect your right to sue the investigators.  If you have any questions 
about ACC please contact your nearest ACC office or feel free to ask the researcher for more 
information before you take part in this study. 
 
What do you need to do? 
 
We would greatly value your help. You are encouraged to discuss the study with your 
friends/family or the research staff before making a decision on whether to take part. If you 
are interested in taking part, please phone or email the Primary Researcher whose details are 
at the bottom of the page.  
If you agree to be in Study A, It is important that the extra testing sessions for this study 
occur before your visit to Burwood Hospital for driving assessment.   
If you have any questions about either Study A or B you can contact Petra Hoggarth, either 
by phone at the Van der Veer Institute (Ph 378 6095 – please leave a message if I am not in) 
or by email (petra.hoggarth@vanderveer.org.nz).  Thank you for considering this request. 
 
Yours sincerely, 
 
 
  
Petra Hoggarth BA(Hons) Richard Jones PhD 
PhD and Clinical Psychology student Research Associate Professor 
Van der Veer Institute for  
Parkinson’s & Brain Research 
66 Stewart Street  Phone: 03 378 6095 
Christchurch  Email: petra.hoggarth@vanderveer.org.nz 
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11.17 Appendix Q – Shapiro-Wilk W Test Scores for the n=60 Dementia and 
Driving Study 
 
Table 9-5.  Shapiro-Wilk W test score for demographic and SMCTests measures for the n=60 Dementia 
and Driving study 
  
 Test Measure W Statistic 
p-value 
(*p<..05) 
Gender 0.622  .000* 
Age (years) .958  .036* 
Handedness (left, right) .374  .000* 
Ballistic Movement Test    
 Reaction time, right hand (ms) .785  .000* 
 Reaction time, left hand (ms) .720  .000* 
  Reaction time, grand mean (ms) .776  .000* 
 Movement time, right hand (ms) .919  .001* 
 Movement time, left hand (ms) .825  .000* 
 Movement time, grand mean (ms) .890  .000* 
 Total reaction and movement times, right hand (ms) .845  .000* 
 Total reaction and movement times, left hand (ms) .797  .000* 
 Total reaction and movement times, grand mean (ms) .817  .000* 
 Peak velocity, right hand (ms) .967  .098 
 Peak velocity, left hand (ms) .972  .179 
 Peak velocity, grand mean (ms) .969  .135 
Tracking Tests   
 
 Sine tracking run 1 error (mm) .894  .000* 
 Sine tracking run 2 error (mm) .743  .000* 
 Random tracking run 1 error (mm) .878  .000* 
 Random tracking run 2 error (mm) .870  .000* 
Arrows Perception Test    
 Arrows Perception Test .663  .000* 
 Omission of arrows response .370  .000* 
Divided Attention Test   
 
 Tracking error (mm) .930  .002* 
 Number of arrows correct .748  .000* 
  Omission of arrows response .631  .000* 
Continued on following page 
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 Test Measure W Statistic 
p-value 
(*p<..05) 
Complex Attention test    
 Reaction time (ms) .463  .000* 
 Movement time (ms) .948  .013* 
 Total mean movement and reaction times (ms) .970  .146 
 Reaction time standard deviation (ms) .970  .141 
 Movement time standard deviation (ms) .854  .000* 
 Number of lapses errors .564  .000* 
  Number of invalid trials .573  .000* 
Planning Test    
 Lateral road position error (mm) .739  .000* 
 Duration of positional faults (s) .774  .000* 
 Distance travelled (m) .893  .000* 
 Intersection safety margin (mm) .867  .000* 
 Number of hazards hit .893  .000* 
  Number of crashes .831  .000* 
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11.18 Appendix R – Independent Measures Excluded from Offering to the  
n=60 Dementia and Driving Model with Reasons for Exclusion  
 
Table 9-6.  Measures that were excluded on pragmatic grounds and reasons for exclusion for the n=60 
Dementia and Driving study 
Measures not offered to BLR model Reason for not offering 
Handedness Would not be used to predict in public health setting 
Ballistic Movement, Reaction time, 
right hand 
Grand mean measure used instead of individual hand 
scores 
Ballistic Movement, Reaction time, 
left hand 
Grand mean measure used instead of individual hand 
scores 
Ballistic Movement, Movement time, 
right hand 
Grand mean measure used instead of individual hand 
scores 
Ballistic Movement, Movement time, 
left hand 
Grand mean measure used instead of individual hand 
scores 
Ballistic Movement, Total time, right 
hand 
Grand mean measure used instead of individual hand 
scores 
Ballistic Movement, Total time, left 
hand 
Grand mean measure used instead of individual hand 
scores 
Ballistic Movement, Peak velocity, 
right hand 
Grand mean measure used instead of individual hand 
scores 
Ballistic Movement, Peak velocity, 
left hand 
Grand mean measure used instead of individual hand 
scores 
Planning, Distance travelled Effect in the opposite from expected direction (Fails drove further during the test) 
Arrows perception, Non-response No effect in either direction – results the same between Pass and Fail groups 
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11.19 Appendix S – Shapiro-Wilk W Test Scores for Independent Variables for 
n=32 Dementia and Driving Study  
 
Shapiro-Wilk W test scores are presented for demographic measures, driving measures, 
cognitive measures, and SMCTests measures in Table 9-7, Table 9-8, and Table 9-9. 
Table 9-7.  Shapiro-Wilk W  test scores for demographic and driving measures for n=32 Dementia and 
Driving Study 
 
  
 Test Measure W Statistic 
p-value 
(*p<..05) 
Gender .585  .000* 
Age (years) .976  .668 
Handedness (left, right) .391  .000* 
Diagnosis (1 = MCI, 2 = Alzheimer’s) .540  .000* 
Years of Education .910  .011* 
Years of Driving .905  .008* 
Road code questions .952  .163 
Demerit points earned in the previous 5 years .490  .000* 
Forms of transport used regularly:   
 
 drive own car .334  .000* 
 taken as passenger .265  .000* 
 taxi .334  .000* 
 bicycle .172  .000* 
 bus .602  .000* 
 walking .565  .000* 
Wear glasses when driving .565  .000* 
Self-rated quality of driving (ordinal) .821  .000* 
People who during the last year have driven:    
 to neighbouring towns .478  .000* 
 to distant towns .615  .000* 
 to places outside of the South Island .172  .000* 
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Table 9-8.  Shapiro-Wilk W test scores for cognitive measures for n=32 Dementia and Driving Study 
  
 Test Measure W Statistic  
p-value 
(*p<..05) 
Geriatric Depression Scale .826  .000* 
Wechsler Test of Adult Reading .977  .698 
Mini-Mental State Exam .911  .012* 
ADAS-Cog Total score .972  .557 
VOSP Incomplete Letters (z-score) .777  .000* 
VOSP Silhouettes (z-score) .966  .389 
Colour-Word Interference, Colour naming scaled score .890  .004* 
Colour-Word Interference, Word reading scaled score .944  .097 
Colour-Word Interference, Interference scaled score .866  .001* 
Letter Fluency scaled score .953  .173 
Category Fluency scaled score .966  .400 
Trail Making Test A (s) .772  .000* 
Trail Making Test B (s) .579  .000* 
Judgement of Line Orientation (percentile) .838  .000* 
Letter-number Sequencing scaled score .976  .667 
Block Design scaled score .958  .236 
Rey Complex Figure copy (ordinal score) .672  .000* 
Rey Complex Figure immediate recall (T score) .882  .002* 
Activities of Daily Living Scales    
 Four-Item Instrumental Activities of Daily Living Scale .970  .486 
 
The Informant Questionnaire on Cognitive Decline in the 
Elderly 
.915  .015* 
 
Alzheimer’s dementia Activities of Daily Living 
International Scale 
.951  .158 
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Table 9-9.  Shapiro-Wilk W test scores for SMCTests measures for n=32 Dementia and Driving study  
  
 Test Measure W Statistic 
p-value 
(*p<..05) 
Ballistic Movement Test    
 Reaction time, right hand (ms) .816  .000* 
 Reaction time, left hand (ms) .844  .000* 
  Reaction time, grand mean (ms) .885  .003* 
 Movement time, right hand (ms) .929  .037* 
 Movement time, left hand (ms) .819  .000* 
 Movement time, grand mean (ms) .920  .021* 
 Total reaction and movement times, right hand (ms) .905  .008* 
 Total reaction and movement times, left hand (ms) .916  .016* 
 Total reaction and movement times, grand mean (ms) .912  .013* 
 Peak velocity, right hand (ms) .933  .048* 
 Peak velocity, left hand (ms) .949  .133 
 Peak velocity, grand mean (ms) .943  .091 
Tracking Tests   
 
 Sine tracking run 1 error (mm) .914  .014* 
 Sine tracking run 2 error (mm) .731  .000* 
 Random tracking run 1 error (mm) .896  .005* 
 Random tracking run 2 error (mm) .846  .000* 
Arrows Perception Test    
 Arrows Perception Test .820  .000* 
 Omission of arrows response .436  .000* 
Divided Attention Test   
 
 Tracking error (mm) .965  .363 
 Number of arrows correct .751  .000* 
  Omission of arrows response .436  .000* 
Complex Attention test    
 Reaction time (ms) .966  .403 
 Movement time (ms) .968  .452 
 Total mean movement and reaction times (ms) .982  .845 
 Reaction time standard deviation (ms) .921  .022* 
 Movement time standard deviation (ms) .902  .007* 
 Number of lapses errors .578  .000* 
  Number of invalid trials .638  .000* 
Continued on following page 
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 Test Measure W Statistic 
p-value 
(*p<..05) 
Planning Test    
 Lateral road position error (mm) .755  .000* 
 Duration of positional faults (s) .740  .000* 
 Distance travelled (m) .817  .000* 
 Intersection safety margin (mm) .903  .008* 
 Number of hazards hit .851  .000* 
  Number of crashes .729  .000* 
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11.20 Appendix T – Independent Measures Excluded from Offering to the  
n=32 Dementia and Driving Models with Reasons for Exclusion 
 
Table 9-10. Measures that were excluded on pragmatic grounds and reasons for exclusion for the  
n=32 Dementia and Driving study  
Measures not offered to BLR model Reason for not offering 
Handedness Would not be used to predict in public health setting 
Years of driving Would not be used to predict in public health setting 
Years of education Would not be used to predict in public health setting 
Forms of transport used regularly (e.g. car, 
passenger) 
Descriptive only, would not be used to predict in public 
health setting 
Wears glasses while driving Descriptive only, would not be used to predict in public health setting 
Self-rated quality of driving Descriptive only, would not be used to predict in public health setting 
Where the driver reports driving in the previous 
year (e.g. neighbouring and distant towns) 
Descriptive only, would not be used to predict in public 
health setting 
Geriatric Depression Scale Effect in the opposite from expected direction (Fails had lower depression scores) 
VOSP Silhouettes Effect in the opposite from expected direction (Fails names 
more objects correctly) 
Alzheimer’s dementia Activities of Daily Living 
International Scale 
Effect in the opposite from expected direction (Fails were 
rated by significant others as less impaired) 
Ballistic Movement, Reaction time, right hand Grand mean measure used instead of individual hand scores 
Ballistic Movement, Reaction time, left hand Grand mean measure used instead of individual hand scores 
Ballistic Movement, Movement time, right hand Grand mean measure used instead of individual hand scores 
Ballistic Movement, Movement time, left hand Grand mean measure used instead of individual hand scores 
Ballistic Movement, Total time, right hand Grand mean measure used instead of individual hand scores 
Ballistic Movement, Total time, left hand Grand mean measure used instead of individual hand scores 
Ballistic Movement, Peak velocity, right hand Grand mean measure used instead of individual hand scores 
Ballistic Movement, Peak velocity, left hand Grand mean measure used instead of individual hand scores 
Arrows Perception, number of arrows correct 
Effect in the opposite from expected direction (Fails 
correctly reported the direction of the arrows more 
frequently) 
Cancer  Effect in the opposite from expected direction (Fails less likely to report having cancer) 
Higher blood pressure Effect in the opposite from expected direction (Fails less likely to report having high blood pressure) 
Depression Effect in the opposite from expected direction (Fails less likely to report having depression) 
Anxiety Effect in the opposite from expected direction (Fails less likely to report having anxiety) 
Falls Effect in the opposite from expected direction (Fails less likely to report having falls) 
Cataracts Effect in the opposite from expected direction (Fails less likely to report having cataracts) 
 
